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1 73 an uſual Complaint with 25905 
who are unacquainted with Geometry, 
that they are diſcouraged by the Mathe- 
 matical Demonſtrations, from peruſing 
Books of Natural Philoſophy; I ap- 
prehended that ſome Papers I Jad drown 
up for the Uſe of my Pupils in the 
Univerſity, would not be altogether un- 
acceptable, if publiſhed in ſuch Form, 
that the Propoſitions, or Subſtance of 


the Book, might be read without Inter- 


ruption from the Ma thematical Demon- 
frrations. And therefore after a large 
Explanation, and ſometimes an Ilias 
zration alſo, of the Particulars, as oc- 
cafion ſeemed moſt to require, I have 
endeavoured to ſhew the Truth of them, 
in a familiar and popular Manner, 
without Geometry, by way of Text: 

sf And 


1 

And for the ſake of thoſe who are 5hil- 
led in Geometry, have added the De- 
monſtrations, with ſome occaſional Re- 
marks, by way of Notes. And whereas 
the Writers on this &. ubjeft have appro- 
priated to themſelves à Stile too techni- 
cal for Beginners, I have, in hopes of 
being more eaſily underſtood, ſometimes 
choſe a different Method of Expreſſion, 
B perhaps not fo accurate. 


In the DocrodfuBtinn to the fir ſs Part, 
Motice is taken of the Method of Philo- 
ſophiſing made Uſe of by Des Cartes, 
and others before him, ſo far as the 
Defign of this Compendium required. 
I fhall add here a few Confiderations 
relating to the Method which prevails 
at this Time. N 

In the preſent M, . of Philoſoþ * 
Arg, all Matter is conſidered (with re/- 
pef to its Subſtance) as homogeneous, 
or of the ſame Kind; and no other Cauſe 
or Principle f Action in Matter is al- 

lowed 
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lowed of, but what 15 well 2 bed by 
Facts. ha 

Some Philo/o phers * Elementary 
Fire, as they call it, among their Prin- 
ciples; or which comes to the ſame thing, 
they confider Fire as endowed with ac- 
— Powers diftintt from thoſe of other 
Matter. Keill, in his. Letter 10 Dr. 
Cockburn, De Legibus Attractionis, 
aliiſque Phyſices Principiis, * uſe 
of three Principles, v1z. Empty 
Space. 2. The infinite Diviäbiliy of 
pattie 3. The Attraction of Mat- 
ter. And affirms, that all Phyſics 
depends thereon. 

The firſt of his Principles the Reader. 
may perhaps think ridiculous; but he 
may confider, that at that time of Day, 
the Motion of a Plenum was not wholly 
exploded : The laying down Empty Space 
as a fit Principle, was only calling 
out for Elbow-Room and a clear Stage 
— But not to trouble the Reader 
with what others have done, J have 

14 2 1 
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choſen and every where fuck to three 
and as oft as a Phænomenon occurred, 
which I could not account for by whom, 
T have given it up as a Difficulty ; not 
 aeſpairing, but that when all the Cir- 
cumſtances of the P henomenon ſhall be 
thoroughly known, they alone may be 
found ſufficient. It ſeems not confitent 
with the Regard a Philoſopher ſhould 
have to the Uniformity of Nature, eve- 
y where obſervable, to call in a new 
Principle at every knotty Point. Theſe 
which I make uſe of are, 

Firſt, Attraction of Gravitation. 
That is, a Diſpoſition in Bodies to move 
towards each other, even when at great 
Diſtances aſunder. 0 

Secondly, Attraction of Cobeſion. 
That is, a hike Diſpoſition in Bodies to 
7100e towards each other, but di frint? 
from the former, in as much as it is 
obſerved to take Place only when the 

Bodies are very near together. 


Thirdl, m__ jon, or a Di/pofition 


in 


* 
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in Bodies, whereby in ſome Caſes they 
endeavour 10 avoid, or 2 N each 
other. © 
The firſt of theſe is Matter of daily 
Obſervation. Thus, a Ball let go from 
the Hand falls to the Ground. 
The ſecond may be ſeen in the follow 
ing Inſtance. A ſmall Portion of a 
: Fleid forms irfelf i into a Sphere or Drop: 
Which can only happen from a Diſpoſi- 
tion in the Particles of which it conſiſts, 
to come as near as poſſible to each other. 
526000 inſtance of the third is this. If 
Alir incloſed in a Bladder, be ſcuees d 
into a leſs Compaſs, the Air within, ohen 
the Preſſure is taken off, reſtores the 
Bladder to its former Size: A plain In- 
dication that the Particles of which the 
Air conſiſts, endeavour to avoid or ff ly 
Hum each other (a). 


Theſe Diſpoſitions in - Has are not a 
the Reſult of any Mechanical Cauſe F 


(a) See another Inflance of this Diſpoſition, in Part III. 
Page 161, Note m of * ompendium. 


Whatever; 
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whatever; that is, ſuch as may ariſe 
From the Effluvia of Bodies, or the Ac- 
tion of any other material Subſtance (b): 
They are therefore the Act of an imma- 
terial Cauſe, in Virtue of which inac- 
tive Matter performs the Offices for 
which it was deſigned. - . 


From 


(b) Demonſtration. In the firſt Place it is well tnotun, 
that if Gravity acts upon Bodies with the ſame Degree 
of Intenſeneſs, whether they be in Motion or at Reſt ; it 
may be demonſtrated that Bodies, when projefted, will de- 
ſcribe Parabola's; and that when vibrating in Cycloids, 
their Vibrations will be iſocronous, c. In the next Place 

it 15 as well known, that Bodies when projected do deſcribe 
Parabola's, and that when vibrating in Cycloids, their 
Vibrations are iſocronous, &c. From which 1wo Propo- 
fitions it demonſtratively follows, that if Gravity be the 
cauſe of the abovementioned Effects, it muſt aft upon Bo- 


dies with the ſame Force, whether they be in Motion or at 


Again, it is well known, that if Attraction of Cohe- 
hon acts upon Rays of Light, with the ſame Degree of _ 
Intenſeneſs, whatever be the Velocity they move with; 
it may be demonſtrated, that the Ratio of the Sine of the 
Angle of Incidence to the Sine 4 the Angle of Refra@- 
ron, will be given, But in Refraction of Light, the 
Ratio of thoſs Sines is given in Fact; if therefore At- 
traction of Coheſion be the Cauſe of the Refraction of 
Light, it muſt act upon Rays of Light with the ſame In- 
tenſneſs, whatever Velocity they move with, ' © 

But no Effluvia of Bodies, no material Subſtance, and 
in ort no material Cauſe whatever, can ad with the 


, s | 2 
185 ; 


3 
| 


1 
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From the firft and third Principle (c), 


together with the Properties of Matter 
enumerated in the firſt Chapter of this 
Compendium, which Properties muſt 
be always underſtood, the Elaſticity or 


Spring of the Air, and from thence the 
Mature and Propagation of Sound are 
accounted for. And from the Spring 

of the Air conſidered as being augment- 
ed by Heat, and diminiſhed by Cold, as 


fame Intenſeneſs, or have the ſame Effet upon a Body in 
Motion, as upon the ſame Body at Reſt ; becauſe as it is 
very well known to Mathematicians, to whom I addreſs this 
Note, Body can only act upon Body, according to the Sum 
or Difference of their Motions. It remains therefore, that 
the two Diſpoſitions herein mentioned, are not the Reſult of 
any material Cauſe whatever: Thich is one Part of the 


Propoſition to be demonſtrated. 


As to the other Diſpoſition in Bodies, their Repulſion, 


fince Rays of Light are alſo affected by it, as it appears they 


are by an Experiment of Sir Iſaac Newton's, referred to in the 

foregoing Note, it may very reaſonably be ſuppoſed, though 
we don't at preſent know the exact Law of its Action, to 
affeft Bodies in Motion after the ſame Manner that it 
would do the ſame at Reſt, aud that it therefore is alſo the 
Reſult of no material Cauſe whatever. 

(c) The Law or Manner wherein theſe Principles are 
obſerved to act in different Circumſtances, are determined 
from Facts, in Part I. Chap. 3. The Law of the third, 
ſo far as it relates to the Air, will be found in Part II. 
Chap. 3. of this Compendium: | | 

14 
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it is obſerved to be, and the Air s being 
at the ſame time affefted by the firft 
Principle, the Phenomena of the Winds 
are explained. By the ſecond Principle, 
' The Coheſion of Matter, the various 
Degrees of Hardneſs obſervable in it, 
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i the Diſſolution of Bodies by Fluids, 

: with other chemical Operations; and in 
| particular the Phenomena of Fermen- 
1 tation, and conſequently the Cauſes of 
it Thunder and Lightning, &c. By this 
1 Principle alſo the riſing of Fluids in 
We ſmall Tubes, and from thence the aſcent 
| / Sap in Vegetables are accounted for; 
0 all which Particulars, except the two 
Fe, are treated of in the ſecond Part 


of this Compendium: as alſo the Re- 

fraction of Light, and conſequently all 
that Train of Phænlomena dependin 
thereon, which is the Subject of * 

third Part. By the firſt Principle, the 

| ſeveral Circumſtances relating to falling 

| Bodies, and to the Motion of Projec- 

rites, together with the Doctrine of 
Pendulu ms, 
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Pendulums, (created of i in the firſt) and 
Likewiſe all thoſe which relate to the 
| Preſſure of Fluids, (treated of in the 
econd Part) are determined. And above 
all is deduced that moſt curious Doctrine 

F central Forces, fuſt touched upon in 
the firſt, but largely and fully explained 
in the fourth Part, by by which ( (aſſuming 
that the heavenly Bodies were at fir /# 
put into Motion by their Creator) we 
are enabled to 15 the Cauſe of the 
Continuation thereof, with all its Mo- 
=” ifications and Irregularities; to deter- 
mine the neceſſary Shape of thoſe Bo- 
dies; and to account fr the ebbing and 
Aowing of the Sea, &c. Difficulties, 
too great ſeemingly for puman Reaſon 
to ſurmount! _ 

Some of the W which I have 


not beenable to give a ſatisfactory Account 
of, from the abovementioned Principles, 


are the Reflection of Light, its Emiſ< 


fron from luminous Bodies, and the For- 
mation and Aſcent of Vapour. This 
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may be is only owing to the want 

of better Acquaintance with the Cir- 
cumftances of thoſe Phenomena ; tha: 
is, more ſufficient Data, or Fadds 2 
found their Solution upon: So that we 
are not to conclude immediately, that 
the Principles are inſufficient; but ra- 
ther to wait with Patience: The Dili- 
. gence of others may render that eaſy, 
which our utmoſt Efforts at ory are 
not able to ſurmount. 


Hriveves, as a Reader unacquainted 
with Studies of this Kind, may wonder 
that ſo many of the Pheriomena or Ap- 
pearances of Nature, ſhould be account- 
ed for by fo few P rinciples; and becauſe 
it may be a Means of giving him ſome 
Infobe into the Subj ect of theſe Sheets, 
I will here lay 555 the following Pro- 
pofttions, EO are immediately dedu- 
cible from the Principles, and al near- 
ly connected with the Phænomena 70 
4 Geconmted for by them; ; by means of 

which, 
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which, he will more readily perceive the 
Connection or R elation berween the one 


and the other. 


Poros > 1 


od 


Meatter being an N Subfancs 
is utterly incapable of putting itſelf in- 
to Motion in any Direction whatever; 
and will therefore in all Caſes move, 
or endeayour to move in that Dire&- 
ion only, in which it is 7 with che 
greateſt Force. 


Finest we have the true Idea of the 
Gravity or Weight of Bodies belong- 

ing to the Earth. Bodies. are, here, 
by Virtue of the firſt Principle, attrac- 
ved towards the Sun, the Moon, the reſt 
of the Planets, and the Earth; but to- 
wards this laft more ftrongly than to- 
wards any of the reſt; and fo they tend, 
720 RU or are heavy towards that. 

The R degſon that they are attrafted more 
AT CRE 2 
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forcibly toward; the Earth, than . 

thoſe other Bodies, is, that although it 
be one of the Laws of the firſt Princi- 
ple, that it operates according to the 
Quantity of Matter in Bodies, and 1 
therefore the Attrattion of the Sun | 
ſhould be the moſt prevalent, in as much {| 
as that Body contains the moſt Matter; 
yet it is another Law of that Principle 
or Diſpoſition, that it acts more ſirong- 
ly according to the nearneſs of Bodies to 
each other : This latter Conſideration in 
the preſent Caſe, overbalances the for- 
mer; and ſo the Bodies about us rend 
towards the Larth. 


289 | l | | 
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11 a large round Body be covered 
every where with ſmaller ones to an 
equal Height or Diſtance ſrom its Sur- 
face; and if thoſe ſmaller ones tend 
towards the large Body, by virtue of 
the firſt Principle, and are, at the ſame 

time, 
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time, diſpoſed to fly from ch other 
by virtue of the third; and ſuppoſing 
farther, that when they touch or are 
very near each other, their Diſpoſition 
to avoid each other exceeds their Ten- 
dency to the large Body, and when 
they are at a certain greater Diſtance 
from each other, that Diſpoſition is 
les than their Tendency to the large 
Body: Then will thoſe ſmaller Bodies 
Keep at certain Diſtances from each 
other, and conſtitute an elaſtic, com- 
preſſible Subſtance ſurrounding that 
large Body, gravitating towards it on 
all Sides. 


Hence an Idea of 15 N ature and 
Cs of the Atmoſphere ſurround- 
ing the Earth, with all its Properties. 

N. B. When I fay a Body tends. 70 
another, J don t mean that it moves to- 
wards it, but only that it would move 
towards it, if nothing prevented. Thus, 
a Bird while . ale) 7 into the 

Air, 
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Air, tends towards the Earth, as much 
as one. that 7s falling down, for tbe 0718 
would fall as well as the other, if no- 


me e 


PROPOSITION III 


If, while the abovementioned Gat 


'S Bodies are in the State ſuppoſed i in 
the foregoing Propoſition, any 1 or 
more of them, be made to moye, ( 
poſe for Inſtance half way) towards 52 
next, it will by virtue of the third 
Diſpoſition, driye or impel thoſe it 
comes nearerto, cloſer together; which 
Bodies, when that other moves back 
again (as it will immediately do, 
being repelled by them) will re- 
gede from each other again: That 
is, a kind of tremulous Motion will be 
communicated to them by that other, 


and for the * Reaſon, by them to the 
next; and ſo on through the whole, 
or at dealt to à great Diſtance from 
I where it — | Sh Hence 4 
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Hilce we may form an Des Fon 
Sound is excited by the Tremors of à 
Body during its N. Nene, and props 
gated rhrough the An. | 


Proportion W. 


One ef the Laws by which 5 9 
i Principle is obſerved to act, is, 
that Bodies act upon one another, not 
in Proportion to the Quantity of Mat- 
ter they contain, as by the firſt Princi- 
ple; but only according to the Breadth 
of their Surfaces, and the nearneſs of 
the Surface of one e Body to that ors ano- 
er. 


From hence we may underſtand, 
that ſuch Particles of Bodies as are 
flat or ſquare, and ſo fituated among 
each other as to touch, or be very near 
one another in many Points, will con- 

ftitute what we call an hard Body, 


and 
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and thoſe Particles which are more 
round, or ſ.o ſituated that leſs Portions 
of their Surfaces are near together, 
will attract one another with a leſs 
Force, and ſo form a ſofter Body; 
thoſe which are round, or nearly ſo, 
will attract one another fill leſs, and 
alſo ſlide more eafily over one another, 


and 7 form what we call a fluid Body. 


— pay mg 4 V. 


When two Bodies meet together, if 
the Particles which conſtitute the one, 
be diſpoſed, by Virtue of the ſecond - 
Principle, to move towards thoſe of the 
other with a greater Degree of F cs 

than the Particles of either Body ar 
diſpoſed to move towards ee ; 
thoſe of the firſt will leave it, and run 

in among thoſe of the ſecond: And for 
the ſame Reaſon, thoſe of the ſecond 
will fever from that, leave it and enter 

in between thoſe of the firſt. And if 
| the 
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the Motion with which this is done, 


be very violent, and the Bodies be of 
the inflammable Kind, their Particles 
by thus rubbingand claching one againſt 
another, will be ſufficiently heated to 
take Fire, and will burſt out into Flame. 


Hence Diſſolutions, Fermentations, 
Exploſions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis. 
Mithb all other Phænomena of that 
Tribe. 


PROFOSITION VI. 


If a Pipe, open at- both Ends, and 
of a very ſmall Bore, have one End 
3 dipped into Water, the Water will run 
up into the Pipe above the Surface of 

the Water on the outſide (being drawn 
up by the Tendency it has by the 
ſecond Principle to that Part of the 
inner Surface of the Pipe, which is 


Jr above it, as it riſes) till that inner 
b 5 Surface 
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Surface which is ſtill juſt above it, be 
loaded with as great a Weight of 
Water, as that Tendency can ſupport. 


Hence a ; right Notion of the Aſcent 
* Sap in Vegetables; the Suction of 
Fluids by Spunges: With all other 
Phænomena reducible to that Head. 


Poros VII. 


If a Body moving ER forwards, 
but obliquely with reſpect to the 
Surface of another Body, at length 
comes ſo near that Body, as to be Ni - 
poſed by the ſecond Principle to tend | 
towards it; inſtead of continuing to 
go right on, it will turn out of its Way 
towards that Body, before it comes at 
it; and conſequently will ſtrike or en- 
ter it in a nearer Place, and in a leſs 
oblique Direction, than it would have 
done, in caſe it had gone right on. If 
it enters the Body, it ſtill keeps turning 
out 


P:R EF C 

Z out of its Courſe the ſame Way as be- 

fore, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
as there are before it near enough to 
attract it forwards: After which it goes 
right on in its laſt acquired Direction, 


till it comes near the other Side; for 


Z while it is ſurrounded with as many 
Particles to attract it one way as 
another, it is the ſame thing as if it 
were not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
2 forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out - of its Courſe towards 
2 - the inſide of the Body; that is, from that 
3 Side of the Body towards which it is 
going; and continues to bend its Courſe 
the ſame Way, till it has got fo far 
cut of the Body, that there are no 
Particles of the Body behind it, near 


enough to it to attract it any more. 
b2 After 


= PREG 


After which it purſues an undiſturbed 
Courle f in the Direction it acquired laſt 


of all. 


„ Hens we have a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ariſing therefrom ; which are 
no other than ſo many Caſes of this 
Propoſition. 


ProrosITION VIII 


16 ſeveral Bodies be moving g right for- 
wards, and at length be attracted by 
another Body, as ſuppoſed in the fore- 
going Propoſition, but ſome with 
greater Degrees of Force or Intenſeneſs, 
than hers: thoſe which are attracted 
with the greateſt Force, will turn the 
fartheſt out of their Way towards that 
Body; and conſequently if all of them, 
before this happened, were moving in 
one Direction, they will be made to 
part from each other, and move dif- 
ferent * 

Hence 
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Hence an Idea of the different Re- 
frangibility of the Rays of Light. 


PRrRorPOoOSITION IX. 


If a Body be made to move from 
another Pody, towards which by thefirſt 
Principle it tends, its Motion will be 
_ retarded continually ; that is, it will 
move {lower and flower: If it moves 
towards that Body, its Motion will be 
continually increaſed ; and unleſs at be 
made to move directly to or from it, 
its Courſe will always keep bending 
towards it, ſo that it ſhall deſcribe a 
Curve, concave, or hollow, on the 
Side next the Body. 


| Hence all the Phang of falling 
Bodies, and ba, Projectiles. 


— 
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If a Body, that by the firſt Princi- 
ple tends towards another Body, moves 
towards it on the Surface of an incli- 
ned Plane, its Motion (as in the fore- 


going Propoſition) will be continually 
increaſed; and if it moves from it on 


the ſame Plane, its Motion will be re- 
tarded continually, but leſs in Propor- 
tion to the Obliquity of the Plane: 
(that is, leſs in Proportion as the Plane 
deviates from the Perpendicular) the In- 
terpoſition of the Plane preventing in 
ſome Meaſure the Effect its Tendency 
to the other Body, would otherwiſe pro- 
duce. And the Velocity it acquires by 
rolling down one Plane, will by virtue 
of its Inactivity, or that Diſpoſition 
Bodies have to continue their State of 
Motion or Reſt, inable it to roll up 
* fitly diſpoſed. 


1 
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Hence the Solution of the Phæno- 
mena of Bodies deſcending on inclin- 
ed Planes, and the Vibration of Pen- 
dulums. ; 


PROPOSITION XI. 


If a Body acted upon by che firſt 
Principle, move to or from another 
Body with a competent Degree of Ob- 
liquity and Velocity, it will move quite 
0 the other Body without touching 

it at all, returning to the Place from 
whence it ſet out: In which Caſe it 
will revolve round it over and over 
again in the ſame Path; for being in- 
different either to Motion or Reſt, and 
meeting nothing to take off from, or 
diminiſh its Motion, it will have the 
ſame Tendency to move on after any 
one Revolution, as it had at firſt. 


From 


l 1 . 
— — —— — <4. — — > — ACA 
_ J ꝓ—ꝓʒä = hes Di — — 44 — — — ** 
— — — — — — — ho COPE Lag nA Su, er d x = 
: — - — — — — —uf —— —— — — - — 3 — 
— — — = "7 — . 2 * . 3 4 wad * 
— - 5 — — — 1 
WE ICT age es. oc" a = — — _ — — TT . 
2 — - : * 
1 ARS — — 5 — — 
N 1 — — m * Fe 2 2 — < — 
ata. * 2 — 2 <6"; ELD 2 pe = * 
2 — — =. 


2 Ie” TD 
— 


— — 
— — 
— 3 


— 
— = wr; er. 
IL — 
O - — 
2 


— 


— 


rr 

— <>. — 

* 9 U 
2 — 
2 
— — . 


— — 8 x 4 
ww, — 2 PE” 
9 
2 
2 
> Wow — 
— * o _— 
-—— 4 * . = 
22 r — 
— 2 — 
5 2 - * 
— — — 


xxiyp PR E F A CE. 


dt hence we have FA Solution * 
the Motion of the primary Planets 
round the Sun, and of the ſecondary 


ones round the Primary. 


ProroSITION XII. 


If a Body be revolving er another 


as in the laſt Propoſition, and a third 


Body approaches them, towards which 


54 both ſhall alſo tend, the Motion 
of the revolving Body will be diſ- 
turbed: That is, its Path will be al- 


- tered, and Irregularities in its Courſe | 
will enſue its Tendency to that 


third: Body in ſome Parts of its Courſe 
conſpiring with, and in others being 
oppoſite to its own Motion. And not 


only fo, but the Tendency it has to 


the Body about which it revolves, will 
in fome Situations be increaſed, and in 


others be diminiſhed by the Action of 1 


the third; which Thing alſo conduces 
towards altering its Courſe. 


Hence 
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Hence the Lunar Irregularities, and 
all other Diſturbances in the Motion 
of the Heavenly Bodies on their too 


near Approach towards each other. 


PrxoroSITION XIII. 


Imagine a large Body cover'd all 
over with ſmaller ones tending to its 
Center: Suppoſe alſo a diſtant Body, 
towards which they all tend, but the 
little ones with leſs Degrees of Force 
than they do towards the Body they 


touch. Then will ſuch of thoſe 


ſmaller Bodies, as are neareſt the diſ- 
tant one, loſe Part of their Tendency 
to the Body they touch; and fo will 
thoſe ſmaller ones which are fartheſt 


f off, or placed on the oppoſite Side the 
3 large Body. But, as to thoſe ſmaller 
Bodies, which are at the ſame Diſ- 


tance from the diſtant -Body with the 


Center of the large Body itſelf, their 


C Tendency 
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Tendency to the Body they lie upon, 
will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 
more or leſs, according to their Near- 


neſs to thoſe whoſe Tendency is in- 
creaſed or diminiſhed. (d) 
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Hence ariſes the Difference in the 
Weights Bodies have upon the Earth's 
Surface, at the Approach and De- 
= parture of the Heavenly Bodies, (but 
10 chiefly of the Moon,) to or from that 
i} Side of the Earth where the Bodies are; 

and conſequently the ebbing and flowing 

of the Sea, the Water riſing where its 

Weight or Tendency to the Earth is di- 
miniſhed, and ſinking at the Jame Time 

in thoſe Places where its Weight is aug- | 
mented. That the Approach and De- 

parture of the Moon ſhould cauſe a great- | 
er Difference in the Weight of Bodies 

on the Earth, than the Approach and 7 

(d) What is affirmed in this and the foregoing Propoſition, 
depends on a Train of Reaſoning too long to be incerted here. 


To underſtand it throughly, read * the 18th and 19th of A 
Part the Fourth. $ 
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Departure 3 


an 


De parture o f the other H zavenly Bodies, 
is owing to the nearneſs of the Moon ta 
= 2he Earth; which Conſideration in this 
Caſe overbalances the Confideration of her 
mmallneſs, the above-mentioned Effetts 
3 depending in a great Meaſure, on the 
Proportion the Diameter of the Earth 
bears to the Diftancy if he H bn 
= Bodies. | 


PrzorosITIiON: XV: 


If a Body, whoſe Parts tend to the 
Center thereof, conſiſts wholly of a 
Fluid, or be partly folid and "ity 
fluid, provided ſome of the Fluid be 
at the Surface, and very diſtant Parts 
thereof communicate with each other; 
and the Body have no Motion about | 
its Axis, it will ſettle into a ſpherical 
Form, the mutual Tendency of its 
Parts towards each other, contracting 
it into the leaſt poſſible Shape. But 
if it revolves about its Axis, all its 

. Parts 
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Parts will endeavour to fly off from 


that Axis; but ſuch as are fartheſt 


from the Axis, more than the reſt: 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 


tremities of that Axis, being alſo far- 


theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 


ſuch as are nearer thoſe Extremities ; 


beſides, as is evident, the former will 
endeavour to fly off directly from the 
Center, but the latter not ſo. The 
abovementioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and fince the ſame may 
be ſaid of thoſe which are at any other 


aſſignable equal Diſtances from the 


Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 


wr 


are fartheſt from the Extremities of 3 
the Axis, will have their Tendency to 


the Center much more. diminiſhed, 
than 


than thoſe will, which lie between 
the Center and the ſaid Extremities: 
Z Theſe latter Parts therefore will preſs 
in towards the Center, overbalance the 


former, and raiſe them to a greater 
Di.iſtance from it than they were at be- 


fore, reſtoring thereby an Equilibrium 
of the Parts of the Body one among 
another. On which Account the Body 
will aſſume a flattiſh or oblate Form. 
That is, ſuppoſing Lines drawn thro' 
the middle of the Axis at right Angles 
therewith, thoſe Lines will be lengthen'd 
and the Axis will be ſhorten d. 


Hence 1 Figures of the Heavenly 
Bodies. 


0 POSITION 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed” 
forwards, depends not only on the 
Quantity of nt in that Body, but 


likewiſe 
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likewiſe on the Swiftneſs the Body moves 
with: Thus, the Stroke of an Hammer 
is not only according to the Bulk or 


Weight of its Head, but is alfo accord- 
ing to the Swiftneſs of the Motion it 


ſtrikes with. If therefore two Bodies 


of equal Quantities of Matter, be ſuſ- 


pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
grees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 

Force whereby they endeavour to pro- 

ceed (being in like Circumſtances with 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 


dency to move on with, ſuperior to the 
other) and conſequently neither of them 


will pre-ponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the fame Velocity 
with the other, but more Matter, will 
heve the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 

and 


5 
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and the Bodies equal, that Body which 


1s at the greateſt Diſtance from the 


Center of Motion, moving the quickeſt, 
will have the Advantage over the other 


that way, and overpoiſe it. So that 
the leaſt Body or Power, imaginable, 


may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being zpplied to ſuch a Machine, 


and in ſuch Manner, that when the 


Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 


the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 


over-poiſed, or moved by it. 


This holds equally in all Machines, 


and is the F oundation of their Theory. 


P ROPO SIT IO N AVI. 
Imagine the Surface of a large round 
Body to be covered every where, or in 
Part, 
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Part, with ſmaller ones to an equal 


Height, and that theſe - ſmaller ones 


WT towards the large Body by the 
firſt Principle; imagine alſo the whole 
Maſs of ſmaller ones divided into Co- 


lumns reaching from top to bottom; 


thoſe Columns, if their Baſes be equal, 


will equiponderate, or be an equal 


Counterpoiſe to one another; and ſo 


| they will, if their Baſes be unequal: For 


in this Caſe the Columns being of un- 


equal Size in Diameter, if a lar- 


er Column ſubſides, the lower Parts 
of that Column (to find Room {or 
themſelves ) will raiſe a ſmaller Co- 
lumn farther than the larger one ſet- 
tled in the ſame time, and in ſuch 
Proportion that, what the little Co- 
lumn wants in Weight, will be made 
out to it in Velocity ; and conſequent- 


ly, according to what was ſhewn in 


the foregoing Propoſition, the little 
Column will be a juſt Balance to the 


Farther 
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: F arther, if i in the abovementioned 
Suppoſition, there be a Body among 


thoſe ſmaller ones, heavier than a 


Bulk of them equal to its own Bulk, 
a Column of which that Body is a 
Part, will be heavier than any other: 
Column of an equal Baſe ; Mit will 
therefore ſubſide, permitting the Body 
to come to the Bottom: if the Body 
be lighter than a Bulk of the ſmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other; the Body 
therefore will be buoy'd upwards, till 
it | riſes ſo far out We the Surface, 
that it, together with the Column be- 
low it; may be a Counterpoiſe to ano- 
ther Cola mn of equal Baſe. 


| RL the Effects of 1 preſſure of 
Fluids upon one another, and upon So- 
lids immerſed in them. 


. 
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\Provoririon VII. 


eee the gupfede of 4 whe 
round Body cover'd every where, or 
in Part, with ſmaller ones to an equal 
Height; and that theſe ſmaller ones 
tend towards the large one by the firſt 
Principle, and that 8 are at the 
ſame time diſpoſed to from one 
another by Virtue of oy third, conſti- 
tuting thereby an elaſtic Subſtance 
ſurrounding that large Body, as in 
Propoſition. the ſecond; and let them 
be divided into Colifinhs: © as in the 
laſt Propoſition, And let it be Fit- 
ther ſuppoſed, that the Diſpoſition in 
thoſe ſmaller Bodies, whereby they 
endeavour. to , depart from each other, 
is capable of being increaſed by Heat; 
and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 
or at leaſt not in 0 great a Degree : 


then 
„ 
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- talk will the Bodies, where that Diſ- 
poſition is increaſed, diffuſe them- 
ſelves into a larger Space, and ſo tak- 
ing up more Room than an equal 
Number in the neighbouring Columns, 
a Column of which they are a Part, 
will become lighter than a neighbour- 
ing one of an equal Baſe. For, ſince 
the Bodies in the lower Parts of this 
Column, are more diſtant from each 
other, than ſuch as are in other Co- 
lumns, this Column cannot contain ſo 
many of them; that is, it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; that is, unleſs the 
uppermoſt Parts thereof ſtand out 
above the Tops of the neighbouring 
Columns; but this they will not do; 
for by Virtue of the Tendency thoſs 
Parts have to the large Body, they 


| will immediately (like Water raiſed 
above the Banks, which before con- 
fined it) ſpread themſelves every Way. 
This Column therefore, which, ac- 
" 02 cording 


5 a — A2 — « 
— — = 4 £ > ap: — a — - — — — -  _ — — 
— r 2 PEE IVC — — — 2 — — _— 1 _ = — 
— 5 — = 2 — — — — — 5 
q 1 _ 32 = - - — ——— — 
— r = P be — IE > = — —— — — — 1 « 
C — — . ene ho — — — — — — — > — — — > ---- 
— — — =" — — nts, he — — -- — l = - 
7 — 
—' — = 
_ — — 
— — = 
— 7 _ 
— — — 
8 8 „ — — 
: — — 
2 — — 2 


— "+ 2 2 — — + — — — . — — — — * - — — 
— . — n 3 b — > "PO a" ee —— — — — — — = by —-— 
— * - . Pur — 3 2 2 DV = f — — —— — — — —— 
_—_ . — — — — — — m ODS —-—-t—ͤ SERS - 


AIST, 
YL 1 | 
—— 
7 
== 
- 
» 


Iu 
Fe eee 


| 
it 
ji 


n — 
2 


— 


2 — 
—— 
— — 


x xxvi PR E F A C E. 


is, that the lowermoſt Parts of the 


under this from all Sides to reſtore the 


—— 


mains hotter, than thoſe which are 


into a larger Space 
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cording ' to the foregoing Propoſiton, 
before this happened, was a Counter- 
poiſe to thoſe, which are round about 
it, being now become lighter, is no 


. "longer ſo. The Conſequence of which 
neighbouring Columns, will preſs in 


- Equilibrium. Neither can the Equi- 
librium be reſtored, ſo long as the 
Place we have "#3 conſidering re- 


round about it. For, ſince the Bodies, 
that .come in, will ſpread themſelves 

by Means of the 
Heat they receive there, and fill up 


another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons abovementioned, al- 
ways be lighter” than another of equal 
Baſe. And conſequently, according 
to the Tenour of the foregoing Pro- 
poſition, the neighbouring Columns 

will 
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will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppole them to 


be of. 


Imagine the like to happen to a Co- 
lumn or Columns of the Earth's At- 
moſphere, and the lower Parts of the 
neighbouring Columns ruſhing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of the 

3 Cauſe and Nature of the Winds; 
every Stream of the Particles of the 
= Atmoſphere ruſhing in, as above, being 
a diſtinct Wind blowing from that 
Point of the Compaſs from which they 
come. And, if you conceive the Center 
of that warmer Space to ſhift its Place 
variouſly upon the Surface of the 
Earth, you then get the Idea of the 
ſeveral Sorts of them, as the Trade 
Winds, Monſoons, &c. For Inſtance, 
if it ſhifts regularly along the ſame 
Path, it cauſes Trade Winds ; if now 
- forwards, 


_— 


forwards, and then backwards, Man- 
| foons, KC. 1 


757% are the Principal Phznomena 
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0 in Natural Philoſophy that are inde- 
00 pendent of each other; the reſt are for 
4 the moſt Part, no other than ſo many 
14 particular Caſes, Circumſtances, or 
0 Conſeguences of theſe, or, in ſhort one 
i way or other related to them. For the 


Solution, 0 of which I refer the Reader 
Zo tbe Book it ſelf. 
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From a aue Conſideration of the 
Propoſitions here laid down, the Reader 
will be able to form a true Judgment of 
the Mature and Buſineſs of Natural 
Philoſophy; will ſee the Uniformity 
and Conſiſtency of the ſeveral Parts 
thereof with each other, and therein the 
wonder ful Wiſdom and Contrivance of 
zhe ſupreme Being, in chooſing ſo ſhort 
and eaſy a Method of Producing 2 


great a LV of ** 
There 
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\ There is. one "Thins. more I think 
proper to be. taken Notice of, before 1 
Put an End to this Preface ; viz. That 
it has been a Panding Objefion . a- 
gainf all Natural Philoſophy in gene- 
ral; that whereas . it aſcribes Effects to 
aural or mechanical Cauſes, ating 
by fixed and unalterable Laws, it 
therefore excludes a Providence and the 
 7mmediate Care and Protection of the 
ſupreme Being, making. him no other 
than an Iale 8 pecaror Ca Things here 
below. | 

I Anfwer to this, it is to 2 conſs- 
dered i in the ji! 5 Place, that ihe Prin- 
ciples of the Philoſophy which is nod 
5 ei ved, are ſo Fog from being mecha- 
Caves, at leaf thoſe which are here 
made. Uſe of, th: at, as above demon- 
Arated, they are the very Reverſe; and 
conſequently. gan be no other than the con- 
tinual acting of God upon Matter, 
either mediately or ' immediately. Since 

then 


x1 PREFACE. 
zhen Natural Philoſophy, by accounting 
for the Phænomena of Nature by thoſe 
Principles, tends to ſhew the Reality of 
them; it is evident that it is ſo far from 
excluding the Deity from being concern- 
ed in the Aﬀairs of this World; that 
it tends to demonſtrate that none are 
performed without his Order and Di- 
rection. Weither, ſecondly, does Na- 
tural Philoſophy inculcate, that the 
Laws by which thoſe Principles act, are 
fixed and unalterable : The Accuſation 
is therefore foreign. But to confider 
this Matter a little more particularly. 
M ben, in Natural Philoſophy, a 
Principle is ſaid to act according to a 
particular Law, the Meaning is not, 
that it ats neceſſarily and unalterably 


fo; but only, that it does fo ordinarily, i 


and in common Caſes. Doubtleſs the 
Author, both of Matter and of thoſe 
very Principles by which it acts, can 
at any Time, in the Room of its ordina- 
ry Opperation, ſubſtitute a different 

| 0718 
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one, and by that means produce Effects 
contrary to the common Courſe of Ma- 
ture, whenever he ſhall think proper. 
That he has done ſo, when wiſe Ends re- 


quired it, appears from Hi ;ftory. That 
it may be done a Thouſand Ways, un- 


perceived by us, is evident; the Ope- 
ration of „ Cauſes (as they are cal- 
led) being to us almoſt} always out of 
Sight. For Inflance, though Light- 
ning may be accounted for by theſe Prin- 
ciples; and in all P e is ordi- 
narily zhe Reſult thereof; yet who will 
= afirm, in any particular Caſe, that 
thoſe P rinciples 1 that very Light- 
ning, or that its Courſe was direftes by 
them? Upon the whole therefore, to pre- 
fume, that the ordinary and common 
Courſe of Mature is not ſometimes al- 


tered, 15 haſty and unwarrantable. 
. * E 
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The INTRODUCTION. 


10 wild and extravagant hade been the 
Notions of a great Part of Philoſophers, 
both Ancient and Modern, that it is 
hard to determine, whether they have 


| beat? more diſtant in their Sentiments from 
Truth, or from one another; or have not ex- 
ceeded the Fancies of the oſt fabulous Wri- 
ters,eyen Poets and Mythologiſts. This was ow - 


ing to a precipitate Proceeding in their ſearch- 


ing into Nature, their neglecting the Uſe of 


Geometry and Experiment, the moſt neceſſary 
_ Helps to the finding out Cauſes, and propor- 


tioning them to their Effects. 


Tur Manner of Philoſophizing among the 


Ancients was to aſcribe to Bodies certain arbi 


by A | trary 
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trary Properties, ſuch as beſt ſery'd theirPurpoſe 


in accounting for the Phænomena * of Nature; 
from whence proceeded ſo many various Sects 
of Philoſophers; every one aſſigning a different 
Cauſe to the ſame Appearance, as his particular 


Genius and Imagination led him. 


Tux chief Agreement obſervable among 
moſt of them, conſiſts in this, vi. that they 
conceived all Bodies, as Compoſitions of Air, 


Earth, Fire, and Water, or ſome one or more 


of them, from whence they acquired the 
Name of Principles or Elements, which they 
ſtill retain, F 


EPICURUS advanc'd a little farther, and aſ- 
ſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 


ſtrictly Elements, but that theſe themſelves con- 
ſiſted of Atoms; by an accidental. Concourſe 


of which, (as they were moving through infinite 
Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiſtence . 


Des CAR TEs has contrived an Hypotheſis 
very different from the reſt; he ſets out with a 


* By a Phenomenon of Nature, is meant any Motion or Si- 
y S, 


tuation of Bodies among one another, which offers itſelf to the 


Notice of our Senſes, and is not the immediate Reſult of the Ac- 
tion of an intelligent Being. he 5 
- + For the Opinions of the Ancient Philoſophers, conſult Dio- 


Suppo- 


genes, Laertius, and Stanley's Lives. 
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Suppoſition that the Univerſeat firſt was entire- 

ly full of Matter, that, from this Matter when 1 
firſt put in Motion, there would neceſſarily be 

rubbed off (by the grinding of the ſeveral Parts 

one againſt another) ſome Particles ſufficiently > 
fine to paſs through the hardeſt and moſt ſolid 

Bodies without meeting with any Reſiſtance : 

of theſe conſiſts his Materia ſubtilis, or Mate- 

ria primi Elementi. He imagined that from 

hence alſo would reſult other Particles of a glo- 

bular Form, to which he gave the Name of 
Materia e, Elementi. Thoſe which did not 

ſo far loſe their firſt Figure, as to come under 

the Denomination of Materia primi or ſecundi 
Elementi, he called Materia tertis Elementi; 

? and maintain'd that all the Variety, which ap- 

FF pears in natural Bodies, was owing to different 
Combinations of thoſe Elements. 


ed ee” 
> * 


He likewiſe ſuppoſes that God created a 
certain Quantity of Motion, and aſſigned it 
to this Maſs of Matter, and that That Mo- 

tion (being once created) could no mor 
be annihilated without an omnipotent Hand 
than Body itſelf; in Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the ſame : So that if all the 
Men and Animals in the World were moy- 
ing, yet ſtill there would be no more Mo- 
tion, than when they were at Reſt, the Mo- 
F tion which they had not, when at Reſt, being 
4 95 —— 2 transferr's 
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transferr'd to the AÆther. So unacc 
are the Notions of this great Philoſcpher, that 


it is ſurprizing his Doctrine ſhould h 
with ſuch univerſal Reception, and e hs 


ſo ſtrong a Party of Philoſophers on its Side, 


that notwithſtanding it was more 

abſurd, | 
the Schoolmens Subſtantial Forms, they 1 
all be exploded to make "OT for his ingenious 


Hy i 


851 CAR T Es has been ſaid FRY a late Wri- 
ter *, to have joined to his great Genius an 


exquiſite Skill in Mathematicks, and by mixing 


Geometry and Phyfi 

yics together, to have given 
3 World Hopes of great Improvements 5 the 
atter. But this Writer ought to have con- 


ſidered that what he look d upon in Des CaR- + 


Txs's Book of Principles, as Demonſtrations, 


are only Illuſtrations, there not being a De- 


monſtration from Geometry in all his Philoſo- 


phical Works F. 


Tue preſent Method of Philoſ 
: ophiz - 
bliſh'd by Sir Isaac NEWTON, is to ing ta 


the Laws of Nature by Experiments and Ob- 


ſervations. To this, with a Proper Applica- 


* Mr. Wotton in hi 7 7 | 
l is Reflections on Ancient and Modern 


+ See this Subject diſcuſs'd m 
tion to his Examination of Dr. = his cone Introduc- 


tion 
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tion of Geometry, is owing the great Ad van- 


tage the preſent Syſtem of Philoſophy has o- 
ver all the preceding ones, and the vaſt Im- 


provement it has received within the laſt Age. 


Tt is indeed in vain to imagine, that a Syſtem 
of Natural Philoſophy can be framed by any 
other Method: for without Obſervations it is 
impoſſible we ſhould diſcover the Phænome- 
na of Nature, without Experiments we muſt 


be ignorant of the mutual Actions of Bodies, 


and without Geometry we can never be certain 
whether the Cauſes we aſſign be adequate to 
the Effects we would explain, as the various 
Syſtems of Philoſophy built on other Founda- 
tions, evidently ſhew. 


Tris Way of ſearching into Nature was 
firſt propoſed by my Lord Bacox , proſe. 
cuted by the Royal Society, the Royal Academy 
at Paris, the Honourable Mr. Bor LE, Sir 
ISAac NEWTON, Sc. EL: 


War wonderful Ad vancement in the 
Knowledge of Nature may be made by this 


Method of Enquiry, when conducted by a 


Genius equal to the Work, will be beſt under- 
ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 


it 1s principally owing, that we haye now a 
See his Nowur Organum. 


rational 


6 The INTRODUCTION. 
rational Syſtem of Natural Philoſophy ; 'tis He 


who, by purſuing the ſure and unerring Me- 


thod of reaſoning from Experiment aud Obſer- - 
vation, joined with the moſt profound Skill in 


Geometry, has carried his Enquiries to the 


moſt minute and. inviſible Parts of Matter, as 
well as to the largeſt and moſt remote Bodies 
in the Univerſe, and has eſtabliſhed a Syſtem 


not ſubject to the Uncertainty of a mere Hy- 


em but which ftands upon the ſecure 
aſis of Geometry itſelf. 
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(7) 
CHAFTE 
De Properties of Body. 


T being the Deſign of Phyſa e or Natu- 
ral Philoſophy to account for the Phæ- 
nomena of the Material World, it is neceſſary 
to begin with lay ing down the known Progere 
ties of Body. 

Tusk are 1. Solidity. 2. Extenſion. 3. Di- 
viſibility. 4. A Capacity of being moved from 
Place to Place. 5. A Paſſiveneſs or Inactivity. 
Which are the eſſential Properties of Body; ; 
as appears from what follows. 

__ 1--SOL1DITy, called alſo Impenetrability, 
is that Power which Body has of excluding 
all others out of its Place. 

Tha Body, as ſuch, muſt be endued with 
this ty follows from its Nature, for o- 
therwiſe Bodies might exiſt in the ſame 
Place, which is abſurd. The ſofteſt are equal- 
ly ſolid with the hardeſt, for we find by Ex- 
periment, that the Sides of a Bladder, filled 
with Air or Water, can "Kg no Means be made 
to come cloſe together *. 


At Florence a hollow Globe of Gold was filled with Wa- 
ter, and then exactly clos'd ; the Globe thus cloſed was put 
into a Preſs driven by the Force of Screws; the Water, find- 
ing no Room for a nearer Approach of its Particles toward 


each other, made its Way through the Pores of "os cloſe 
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2. Tyar Body is extended, is ſelf-evident, 
it being impoſſible to conceive any Body, 
which has not Length, Breadth, and Thick- 
neſs, that is, Extenſion. 

3. Ir is no leſs evident, that Body is divi- 
ſible, for ſince no two Particles of Matter can 
exiſt in the ſame Place, it follows that they afe 
really diſtinct from each other, which is all that 
is meant by being diviſible. 

N this Senſe the leaſt conceivable Particle 
MM: ſill be diviſible, ſince it will conſiſt of 
Parts, which will be really diſtinct . To il- 
Inftrate this by a familiar Inſtance: Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface, 'tis evident 
the Surface will not touch it every where, 
thoſe Parts therefore, which it does not touch, 

may be ſuppoſed ſeparable from the other, and 
ſo on as far as we pleaſe ; and this is all that 


Metal, ſtanding in Drops like Dew on the Outſide, before the 
Globe would yield to the violent ne of the 18 
V. Acad. del Ciment. 


This Propoſition i is e Geometrically thus, ſup- 
poſe the Line A D (Fig. 1.) perpendicular to B F, and another as 
G H at a ſmall Diſtance from it alſo perpendicular to the ſame 
Line; with the Centers CCC, &c. 'deſcribe Circles cutting the 
Line G H in the Points e, e, e, &c. Now the greater the Ra- 
dius AC is, the leſs is the Part e H. But the Radius may be 
augmented in infinitum. So long therefore the Part EH may 
be divided into ſtill leſs Portions; conſequently it may be divid- 
ed in infinitum. 2, E. D. V. Keil's Introd. ad Phyſ. Præl. 3, 
4+ 5» Grawe/ande's Elem, Math. Phyſ. L. 1. c. 4. sehn. 

18 
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is meant, when we ſay Matter is infinitely 
diviſible. . 
How far Matter may actually be divided, 
may in ſome manner be conceiv'd from hence“ 
that a Piece of Wire, gilt with ſo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to a Length of thirteen Thouſand 
Feet, the whole Surface of it ſtill remaining 
cover d with Gold +. Gi | 
A Quantity of Vitriol, . being diſſolved and 
mix d with nine Thouſand Times as much 
Water, will tinge the whole, conſequently 
the Vitriol will be divided into as many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water g. Fae, 
THERE are Perfumes, which, without a ſen- 
ſible Diminution of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
ceiveable Smallneſs, ſince there will be a ſuffi- 


* We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Viſion. Let a 
Candle be lighted and placed jn an open Plane, it will then be 
viſible two Miles round, conſequently was it placed two Miles a- 
bove the Surface of the Earth, it would fill with luminous Par- 
ticles a Sphere, whoſe Diameter was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight. The Force of 
this Argument will appear better when the Reader is acquainted 
with the Cauſe of Viſion. | 


Eid, Introd. ad Phyf. Prel. g. Religious Philoſ, Con- 
templ. 25. | | 


{| Mem, de l'Acad, 1706. 


cient 


CCS = 1 2 —_ 3 . - ———— - . — 
— — 8 2 SENS. 3 = asf woot — — * — — = SES 
— : — — : . A — — — — 
r Nr — rage 4 2 — — XZ —— — — 
7 F - IS E 2 =D DEER, 8 == = — ICSD 
— — — 


* — > Fs th pl — 7 
5 r * * 
8 5 2 5 OD — — 
—_— a ES Zi... > 2 
EEIESE = — 


10 Vacuum. Part. J. 


cient Number in every Part of that Space, ſen- 


ſibly to affect the Organ of Smelling. 

4. THAT all Matter is moveable, follows 
from its being finite; and to ſup poſe - it poſi- 
tively | infinite is abſurd, bitte ir conſiſts of 
Parts * 

5. Br the Paſſivencſ or Inactivity of Mat- 
ter, (commonly call'd its Vis Inertiæ) is meant 
the Propenſity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther explained under 


the firſt Law of Nature. 
CHAP. IL 
Of V. acuum. 


I. L Ac E void of Matter is called empty 


Space, or Vacuum. 
II. Ir has been the Opinion of ſome Phi- 


loſophers, particularly the Carięſiaus, that Na- 


ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig d 
to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; ; but this is contrary to Expc- 


1 * See Mr. Law's Tranſlation of APp. King de Origin Mali. 
Bee 3 


rience, 
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rience, for the greateſt Part || of the Air may be 
drawn out of a Veſſel, by means of the Air- . 
Pump, notwithſtanding which it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. 
III. SHOULD it be objected here, that as it is 
impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſince a very great 
Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
{cent of light Bodies in a Receiver * when ex- 
hauſted of its Air, there muſt be ſome V acuities 
between the Parts of the remaining Air: which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Cartęſian, that 
thoſe Vacuities are filPd with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
but as the Exiſtence of this Materia ſubtilis can 
never be prov'd, we are not oblig'd to allow the | 
Objection; eſpecially ſince Sir ISA Ac NR .]]W] N - 
has found, that all Matter affords a Reſiſtance 
nearly in Proportion to its Denſity f. 
— THERE are many other Arguments to prove 
this, particularly the Motions of the Comets 


IA Veſſel cannot be entirely exhauſted of its Air, becauſe 
the Action of the Pump depends on the Spring of that which re- 
mains in the Veſſel. , 
* By this Term is meant any Veſſel, out of which we extract 
the Air by the Air- Pump. | 
T Newt. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 
Book 3. Quer. 18, 19, 20, 21. Deſagul. Lect. 1. Ann. 2. 
WW 2 through 
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through the Heavenly Regions without an) 
ſenſible Reſiſtance * ; the different Weight of 
Bodies of the ſame Bulk, Sc. but thoſe, being 


not yet explain d, are not ſo proper to be inſiſt⸗ 
ed on in this Place. 


* Attraction aud 0 on. 
| CHAP. HI.. 


I. ESIDES the forementioned 8 8 
ties of Matter, it has alſo certain 
Powers or active Principles, known by the 
Names of Attraction and Repulſon, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. | 
II. ATTRACTION is of two Kinds, 1. Co- 
heſion, or that by which minute ies, (or 
the ſeveral Particles of the ſame Body) when 
placed aſunder at ve ry ſmall Diſtances, mutu- 
ally approach cach other ; and then adhere or 
ſtick together, as if they were but one. 2. Gra- 
vitation, or that by which diſtant Bodies act 
upon each other. 
III. ThE Attraction of Coheſion i is provd 
from abundance of Experiments, of which ſome - 
of the moſt obyious are as follows. 


® Deſagul, Lect. 1. Annot. 9. 


. 


Chap. III. Attraction and Repulfion. 1 3. 
1. LE x a ſmall glaſs Tube (commonly call'd 
a Capillary Tube) open at both Ends, be dipt 
into a Veſſel of Water, the Water will imme- 
diately riſe up in the Tube to a certam Height 
above the Level of the external Water. This 
| Riſe of the Water in the Glaſs Tube is manifeſtly 
owing to the Attraction of thoſe Particles of the 
"Glaſs, which lie in the inner Surface of the 
Tube immediately above the Water: Accord- 
ingly the Quantity of Water raiſed is always 
found to be proportionable to the Largeneſs 
of that Surface *. | 
2. LET two Spheres of Quickſilver be pla- 
ced near each other, and they will immediately 
run together, and form one Globule. _ 
IV. TuE Laws of this Attraction are, 1. 
That it acts only upon Contact, or at very ſmall 
Diſtances; for the Spheres, mentioned in the 
laſt Experiment, will not approach each other, 


»The Heights the Water riſes to in different Tubes, are ob- 
ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it follows that the Quantities raiſed are as the Surfaces 
which raiſe them, 2 


Dem. Let there be two Tubes, the Diameter of the firſt 
double to that of the ſecond, the Water will riſe half as high 
in the firſt as in the ſecond * now was it to riſe equally high 
in both, the Quantity in the firſt would be four times as great 

as in the ſecond, (Cylinders of equal Heights being as the 
Squares of their Diameters; 11. EI. 14.) therefore fince it is 
found to riſe but half as high, the Quantity is but twice as much, 
and therefore as the Diameter; but the Surfaces of Cylinders are 
as their Diameters, therefore the Quantities of Water raiſed ars 
alſo as the Surfaces, ©, E. D. 5 ; 

Ses the Diſſertation on this Subject. Part IT. 


| till 


14. Attraction and Repulſion. Part. J. 
till they are plac d very near. 2. It acts acord- 1 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their 

nantitics of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
ſuch a Manner as to touch at one End, and 
there make a very ſmall Angle: If two une- 
qual Drops of Oil be put between theſe Plates, 
at equal Diſtances from the Line of Contact, ſo 
that the leaſt may touch both Glaſſes, they 
will then both move towards the Ends that 
touch, becauſe the Attraction of the Surfaces 
inclines that Way; but the largeſt, touching 
the Glaſſes in moſt Points, will move Vis faſt- 
eſt. 3. Tis obſery'd to decreaſe much more 
than as the Squares of the Diſtances. of the 
attraQting Bodies from each other increaſe; That 
is, whatever the Force of Attraction is at a gi- 
ven Diſtance, at twice that Diſtance it ſhall be 
more than four Times leſs than before *. | 

V. FROM hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 
whoſe conſtituent Particles are flat or ſquare, 
and ſo ſituated as to touch in many Points, 

will be hard; thoſe Particles which are more 3 

round, and touch in ſewer Points, will confti= 

tute a ſofter Body ; thoſe which are fpherical, 3 
or nearly. of that Figure, will form a Fluid, Fe 4 


* V. Keilii open Ed. 4to. p. 626. | a 
: + See Rohault in the Notes, p. 105, 108. See Part II. _ 
Chap. I. 5. 2. in the Note, Newtoni. Optic. p- 335. 
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VI. ATTRACTION of Gravitation. is that, 
by which diftant Bodies act upon each other. 
Of this we have daily Inſtances in the falling 

of heavy Bodies towards the Earth. 
VII. Tu Laws of this Attraction are, x. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 
increaſe. Thus, a Body, which at the Sur- 
face of the Earth (i. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, if it was plac'd four Thouſand 
Miles above the Surface of the Earth, f. e. 
twice as far diſtant from the Center as before, 
would weigh four Times leſs; if thrice as far, 
nine Times leſs, Sc. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motions ob- 
ſerv'd by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerv'd to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From whence it follows, that 
the Action of the Earth upon Bodies is exact- 
Iy in Proportion to the Quantities of Matter 
they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
Body, being moſt eaſily put into Motion, 
pens ” = would 


bo 
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would moye the faſteſt. Accordingly, it is 
obſeryable, that the Weight of a Body is the - 
ſame whether it be whole, or ground to 
Powder“. 5 
VIII. From hence it follows, that, was a 
Body to deſcend from the Surface toward the 
Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity would decreaſe with the Di- 
ſtance of the Body from the Center +. | 


4 Graweſande Lib. 4. Chap. 11. Cotess Preface to Neavton's 
Princip. . | | 

T Dem. Let there be a Body as P. (Fig. 2.) placed any 
where within- a Concave Sphere, as AB, which let us ſuppoſe 
divided into an infinite Number of thin concentric Surfaces 3 
J ſay, the Body P will be attracted equally each way by any 
one of theſe v. g. the interior HIKLM. Let there be Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 
ſach a manner as to form the Surface of two ſimilar Figures; 
ſuppoſe Cones, the Diameters of whoſe Baſes may be IH, KL, 
which let be infinitely ſmall. Theſe Baſes (being as the Squares 
of the Lines IH, KL) (2. Elem. 12.) will be directly, as the 
Squares of their Diſtances from P (for the Triangles IPH, KPL, 
being infinitely ſmall, are fimilar.) But thoſe Baſes include all 
the Particles of Matter in the interior Surface, that are oppoſite 
to each other; the oppoſite Attractions are therefore in the 
ſame Ratio with thoſe Baſes, that is as the Squares of the Diſ- 
tances PK, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, F. 7. 7. e. inverſely as the 
Squares of the ſame Diſtances PK PI; theſe two Ratios 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 
lies nearer the Center than the Body can effect it, the reſpective 
Actions of all the Parts, that are more diſtant, being equal, 
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the Diſtance of the Body from the Center. Q. E. D. 
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Scholium. Ir may be proper to obſerve here, 


that when Philoſophers ſpeak of Bodies gravi- 


tating to, or attracting each other, that Body is 
{aid to gravitate to another, which moves to- 
wards it, while the other actually is, or appears 


to be, at reſt, and this other is ſaid to attract 


the former; though indeed the Force being mu- 
tual and equal on both Sides (as will be ex- 
plain'd under the third Law of Nature) the 
ſame Term might be apply'd to either the gra- 


vitating or attracting Body. 


Ir is farther to be obſerv'd, that when we 
aſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phy fical Cauſe 
of it, as if it proceeded from fome ſuppoſed 


occult Quality in Bodies; but only uſe thoſe 
Terms to ſignify an Effect, the Cauſe of 


which lies out of the reach of our Philofophy. 
Thus, we may fay, that the Earth attracts hea- 
vy Bodies; or that ſuch Bodies tend or gravi- 


tate to the Earth: althoughat the ſame time we 


and in contrary Directions, ſince the ſame is demonſtrable of an 
of the remaining concentric Surfaces. > Let us ſee then what Ef- 


fect that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surfaces 


the Body is plac'd. The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, 7. e. as the Diſtance of the Body 
from the Center: their Action therefore upon the Body will be 
inverſely as the Square of that Diſtance : but the Quantity of Mat- 
ter will be as the Cube of that Diſtance , (18. Elem. 12.) the At» 
traction therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 


are 
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are wholly ignorant: whether this is effected 
by ſome Power, actually exiſting in the Earth, 
or in the Bodies, or external to both; ſince 
it is impoſſible any Error in our Reaſonings 
can follow from hence : it being evident, that 
all the Conſequences of ſuch Tendency muſt 
be the ſame, let the Cauſe be where, or what 
it will. | | 
X. REPuLis10ON is that Property in Bodies, 
whereby, if they are placed juſt beyond the 


5 | if Sphere of each other's Attraction of Coheſion, 
i| Ml . they mutually fly from each other. 
if Tavs, if an vily Subſtance, lighter than 
0 Water, be placed on the Surface thereof, or if 
' 


a Piece of Iron be laid on Mercury, the Sur- 
face of the Fluid will be depreſs'd about the 
Body laid on it: This Depreſſion is manifeſtly 
occalion'd by a repelling Power in the Bodies, 
which hinders the Approach of the Fluid to- 
wards them. 4 | 

Bur it is poſſible in ſome Caſes to preſs or 
force the repelling Bodies into the Sphere of 
one another's Attraction; and then they will 
mutually tend towards each other; as when 
we mix Oyl and Water till they incorporate *. 

XI. Bes1Des the general Powers foremen- 

| W988 tioned, there are ſome Bodies that are endued 

1 with another, call'd Electricity. Thus Amber, 

nu | | 6 . have an undeniable Proof of this Repulſive Force in 

| Sir 1/aac Newton's Opticks. B. 3. and Query 31. 

Jet, 
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Jet, Sealing-Wax, Agate, Glaſs, and moſt 
Kinds of precious Stones attract and repel light 
Bod ies at conſiderable Diſtances. , 

Tu E chief Things obſervable in theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. Thar, 
when they are well heated by rubbing, light 
Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula- 
rity whatever. 4. If a Line of ſeveral Yards in 
length has a Ball, or other Body ſuſpended at 
one End, and the other End be fixed to a Glaſs 
Tube; when the Tube is heated by rubbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the ſame Man- 
ner, as the Glaſs itſelf does. 5. If the Glaſs Tube 
be emptied of Air, it loſes its Electricity x. 

XII. LasTLy, the Loadſtone is obſerv'd to 
haveProperties peculiar to itſelf, as that by which 
it attracts and repels Tron, the Power it commu- 
nicates tothe Needle, and ſeveral others 9. 


* See Haukſbee's Experiments. Phzlo/oph. Tranſact. No. 326. 


I Several Solutions of theſe Properties of Electricity and Mag- 
netiſin have been attempted by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers's Dictionary in Electricity, and Des 
Cartes Opera Philoſophica. P. IV. F. 133, with ſeveral others 
referr'd to in Quæſtiones Philoſophice. Deſagul. Lect. I. F. 33. 
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GHA?P. Iv. 


Of the Laws of Motion commonly Tat. 
led Sir Is aac NEwToON' y Laws of 
Nature. 


1. L Bodies continue their State of 
Reſt, or uniform Motion in a right 
Line, Till they are made to change that State 
Þy ſome external Force impreſſed upon them. 

This Law is no other, than that univerſal 
Property of Bodies, called Paſſiveneſs or In- 
activity; whereby they endeayour to continue 
r the State they are in, whatever it be. Thus 
WS a Top only ceaſes to run round on Account of 
1 the Reſiſtance i it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction ariſing from the Motion 
of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 
open Air. 

II. Tun Change of Motion und in 
any Body, is always proportionable to the 
Force, whereby it is effected ; and in the ſame 
Direction, wherein that Force acts. 

Tus is an immediate Conſequence of this 
Axiom, the Effect is always proportionale to 
its 


1. 


Chap. IV. Laus of Motion. 2x 
its Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 
will produce double the Motion; a triple 
Force triple the Motion, Sc. If a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 
to the Force impreſſed; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a proportional Part of its Motion: 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 
of the Body, more or leſs different from the 
former in Proportion to its Quantity and Di- 
rectionn | Maio, Ms: 
mA 4 05d; III. Re- 


This Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction of two Forces, acting 
upon a Body at the ſame Time, be repreſented by the Sides of a 
Parallelogram, the Diagonal of that Parallelogram will repre- 
ſent the Propartion and Direction of their united Forces. | 
Dem. Let the Body A (Fig. 3.) be impelPd with a Force, 
which would carry it to E, in the ſame Time that another, act- 
ing upon it in the Direction AD, would carry it to D. Ima- 
gine that while the Body paſſes to E, the Line 4D (in which 
the Body moves by the other Force) moves to EB, in a Direc- 
tion parallel to itſelf ; when the Body has advanc'd to G m 
the Line AE, the Line AD will have got to GF, and the Body 
will have paſſed over GH, ſuch a No of it, os bears the 
ſame ortion to the whole Line GF, as 4G does to AE, 
that is, H (the ſhorter Side of the Parallelogram GM,) is to 
F, or, which is the ſame Thing, to EB (the ſhorter Side of 
the Parallelogram ED) as AG (the longer Side of the former} 
is to AE the longer Side of the latter,) from whence the Pa- 
rallelograms are fimilar, El. 6. Def. 1. and conſequently, b 
24 El. 6. the Point H is in the Diagonal, that is, the Body 
will always be found in the Line 4B. Q.E. D. 


f 


Coroll. 


22 Laus of Motion. Part J. 
TIT. RRAcTION is always contrary, and e- 
qual to Action; or the Actions of two Bodies 
upon each other, are equal, and in contrary 
Directions. 
Tus, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 
Load; for the Harneſs, which is ftretched 
equally between them both Ways, draws the 
Horſe towards the Stone, as much as it does 
the Stone towards the Horſe ; and the progreſ- 
five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load is 
promoted by the Endeavour of the Horſe“. 
This will be better explained from the follow-_ 
ing Inſtance ; let a Perſon, ſitting in a Boat, 
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Coroll. From hence we have an eaſy Method of reſolving 
2 given Motion into any two, or more Directions whatever; 
&iz. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the Di- 
rections ſought. Thus, ſuppoſe a Body was impell'd in the 
Line 4B, we may conceive it as ated upon by two Forces at 
the ſame Time, one towards E, the other towards D, or any 
other two whatever, provided the Lines be drawn of ſuch 
length, that, when the Parallelogram is compleated, the given 
Line 4} hal! be its Diagonal. +. l 
* It may be thought perhaps, that (two equal and contrary 
Forces def ;:2ying one another) the Horſe will in this Caſe not 
be able to move at all, becauſe the Load draws him back, as 
much as he draws the Load forwards. But it is to be ob- 
ved that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground; and conſequently the 
Ground, reacting and continuing at Reſt, puſhes the Horſe 
forward with juſt ſo much Force as the Horſe exerts, above 
what is counteracted by the Load. 
| CaO draw 


Chap. IV. Laws of Motion. 23 
draw another Boat equally heavy towards 
him, they will both move towards each other 
with equal Velocities: Let the Boat he fits in 
be the lighteſt, and it will move the faſteſt; 
becauſe the Action being equal on both Sides, 
the ſame Quantity of Motion will be given to 
each Boat, that is, the leſſer will have the 
greater Velocity ®.  _ 

Wr have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 
other, and ſo all three would begin to move 
of themſelves the ſame Way; but that three 
Bodies ſhould be put into Motion after this Man- 
ner, when no external Force acts upon them, is 
contrary to Experience, conſequently whatever 
different Degres of Force, any two Bodies may 
be capable of exerting, their mutual Actions 
on each other, are always equal. This may 
be try'd with a Loadſtone and Iron; which, 
being put into proper Veſſels, contiguous to 
one another, and made to float on the Surface 
of Water, will be an exact Counterbalance to 


See the Diſtinftion between Motion and Ve'ocity. Chap. g. 
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24 Falling Bodies. Part I. 
each other, and remain at Reſt, whatever be 
the attractive Power of the Loadſtone, or the 


Proportion of their reſpectiye Magnitudes. 


Tusk Laws receive an abundant Additio- 
nal Proof from hence, ig. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicat- 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently appoas in all Parts 


of the Newtonian Philoſophy *. 


C H A P. V. 
| The Phenomena of Falling Bodies. 


I. HE Kanes Nature being thus explain- 


| ed, we proceed to account for ſome of 
thoſe Phænomena, which are ſolvable by them. 
II. To begin with thoſe of falling Bodies. 


Conſtant Experience ſhews, that Bodies have a 


Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 


in Chap. 3. H. 7. 


III. Tug Height, Bodies can be let fall from, 


bears fo ſmall a Proportion to their Diſtance 


from the Center of the Earth, that it cannot 


* See theſe Laws OR more at large by Cheyne in his 


| Principles of Philoſophy. Keil's Introd. ad Phyſ. Præl. 11, 12. 


"ney 


Chap. V. Falling Bodies. 23 
ſenſibly alter their Gravity; which therefore 
may be conceiv'd, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 
ly increaſe, in Proportion to the Time the Bo- 
dy takes up in falling 2453 
IV. Tas Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 

their Fall, are as the Squares of thoſe Times; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, Sc. 


f V. FRoOM 
* Tn order to demonſtrate this Propoſition, it will be neceſſary 


to lay down the following Theorem, vix. 

That the Space a Body paſles over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſtcr at moves during any Interval of 
Time, the farther it goes; therefore the Space is in a Ratio com- 

pound of both, that is, is had by multiplying one into the o- 
ther. N | Ex 941 
Coroll. Therefore the Area cf a ReAangle, one of whoſe 
Sides repreſents the Celerity a Body moves with, and the other 
the Time of its Motion, will exprefs the Space it moves through: 
This being premiſed, let the Line AB. (Fig. 4.) repreſent 
the Time a Body takes up in falling, and let BC expreſs the 
Celerity acquir'd by its Fall; farther let the Line AB be di- 
vided into an indefinite Number of ſmall Portions, ei, in, 
mp, &c. und let /, ik, mn, pg, &c. be drawn parallel to the 
Baſe. Now it is evident from F. 3. (wiz. that the Velocities 
are as the Times in which they are acquir'd) that the Lines 
of, ik, mn, pg, &c. being to each other (4. EI. 6.) as the Lines 
Ae, Ai, Am, Ap, & c. will repreſent the Celerities in the Times 
repreſented by theſe :. that is, ef will be as the Velocity of the 
Gang | 1 Body 
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26 Falling Bodies, Part. I. 
V. Fan this Propoſition it follows, that a 


Body falls three Times as far, in the ſecond 


Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of the odd 
Numbers: For otherwiſe it could not fall four 
Spaces in two Minutes, and nine in three, as 
the Propoſition aſlerts *.. 

ib 44 1 M VI. Tre 


Bedy in the ſmall Portion of Time ei, and ik will be as the Ve- 
Jocity in the Portion of Time im; in like Manner pg will be as 
the Fehr in the Portion of Time po, which Portions of Time 
being taken infinitely ſmall, the Velocity of the Body may be 
ſuppos'd the ſame, during any whole Portion: and conſequently, 
by the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocity ef may be repreſented by the 
Rectangle /: in like Manner the Space run over in the Time 
im, with the Celerity i#, may be expreſs d by the Rectangle at: 
and that run over with the Celerity n in the Time mp, by 
the Rectangles pn; and ſo of the reſt. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of all 
the Rectangles, that is, by the Triangle ABC, for thoſe little 


triangular Deficiencies, at the End of each Rectangle, would have 


vaniſhed, had the Lines ei, im, mp, &c. been infinitely ſhort, as 


the Times they were ſuppoſed to repreſent. Now as the Space, 


the Body deſcribes in the Time AB, is repreſented by the Tri- 
angle ABC, for the ſame Reaſon the Space paſs'd over in the 
Time 4% may be repreſented by the Triangle Aor, but theſe 
'Triangles, being fimilar, are to each other, as the Squares of 
their homologous Sides 4B and Ao (20 El. 6): that is, the 


Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides. Q. E. D. 


* This may alſo be ſhewn in the following Manner. Let 


the Triangle ABC (Fig. 4:) be divided into leſſer ones, as 


in Hg. 5. each, equal to Dir, which repreſents the Space de- 
ſcribed by the Filing Body in Dò the firſt Portion of Time; 
tis evident that, in Bc the ſecond Portion of Time, there are 


three ſuch Triangles deſcribed, viz. thoſe that lie between the 


Lines 


( 
the for mer. Q B. D. 
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VI. Tur Spaces, deſerib'd by falling Bodies 
in different Times, are as the Squares of the 
laſt acquir'd Velocities. For by g. 4. the Spa- 
ces are as the Squares of the Times, and by 
(. 3. the Velocities are as the Times; there- 


fore the Spaces are alſo as the Squares of the 


Velocities. "To | | 
VII. Tus Space a Body paſſes over, from 

the Beginning of its Fall in any determinate 

Time, is half what it would deſcribe in the 


ſame Time moving uniformly with its laſt ac- 


quir'd Velocity. wm 
VIII. In like Manner, when Bodies are 
thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe 
their Gravity deſtroying an equal Portion 
their Velocity every Inſtant of their Aſcent. 
IX. Tur Heights Bodies riſe to, when 
thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their firſt 
ſetting out, to the Moment they ceaſe to riſe. 


That is, if a Body is thrown with ſuch a De- 


gree of Velocity, as to continue riſing twice as 


Lines br and  ; is * the third Portion of Time, five ſuch, 
vi. all between es and di; in df the next equal Poztion of 
Time, ſeven ſuch, Cc. 1 r an 


 ® Forlet the Time be AB, (Fig. 4-) and the laſt Velocity 


BC, the Space the Body runs over, while it is __ that 


Velocity, is as ABC, but the Space it would paſs dber in the 
Time AB, was it to move uniformly with the Celerity BC, is 
by the Theorem (Note p. 250 as the Space ABCD, double 


| 3 
D 2 long 
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Jong as another, it ſhall aſcend four Times as 

high ; ; if thrice, nine Times as high, (5c. 
THESE two are the conyerſe of the third 

and fourth Sections * e 912 4 


CHAP. VI. 


Of the Sata of Bodies on " oblique 
ae Planes, aud of Pendithums. 


HEN a Body deſcends on an oblique 

Plane, its Motion is continually acce- 
lerated by the Action of Gravity, but in a leſs 
Degree, than when it deſcends perpendicular- 
ly; its free Deſcent in this Caſe being hin- 
der'd by the Interpoſition of the Plane: From 
whence it follows, that what was ſaid in the 
laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance being made for the 
Difference of Acceleration. 

II. The Effect Gravity has upon a Body 
falling down an oblique Plane, is to that which 
it exerts upon another, falling freely, as the 
perpendicular Height, of 8 Than is to its 


e 4 III 7. 
H E 


. ® Yee thit's "OY ad Phy. Pref. 11.  Graveſende L.1. 


G. 47. 
r Dem. Let 40 (Fig. 6.) be the inclin'd Plane, the Bod 
4 A, and the Action of —_ — it — to fall, 


1 i Per A 


4 
8 
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III. Tax Space, through which a Body 


falls down the,oblique Side of a Plane, is to 


that through which it would fall perpendicu- 


larly in the ſame Time, as the perpendicular 
Height of the Plane is to its Length", » 


Fon the Space, a Body falls through in an 


determinate Time, whether down an inclined: 
Plane, or not, is as the Effect of the Gravity 


with which it is ated upon during that Time; 
but the Gravity, with which a Body deſcends 
down the oblique Side of a Plane (by the 


laſt Propoſition) is to that with which it falls 


perpendicularly, as the perpendicular Height 
of the Plane is to its Length: The Space there- 


fore, which a Body falls through obliquely, is 


to that which it would paſs through perpen- 


dicularly in the ſame Time, alſo in that Pro- 


portion. 


perpendicularly repreſented by the Line 4B ; let AD be per- 
pendicular to AC, AD will then repreſent the Direction "by 


which the Plane acts upon the Body (for all Bodies act in 
Lines perpendicular to their Surfaces) let then thoſe two Forces 


be reſolved into one in the Direction AC, (as ſhewn in Note to 
F. 4. Chap. IV.) by compleating the Parallelogram BD, whoſe 
Diagonal will be AG. In order to this BG muſt be let fall 
perpendicularly upon AC (that it may be parallel to the oppo- 


ſite Side of the Parallelogram AD) conſequently (8 Elem. 6.) 


AG is to AB as AB to AC, that is, the Tendency of the 


Body down the Plane is to its perpendicular Tendency, as 48 
to £0; QE. D.“ EE G7 | 


From this Propoſition it follows, that ſuppoſing BG (Fig. 6.) 
perpendicular to AC) the Body would fall from 4 to & in 
the ſame Time another would fall from thence 'to B; for, as 
was obſerved (Note the laſt)-4G is to AB, as AB to AC. 


i 
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IV. Tux Velocity, a Body acquires by fal- 
ling perpendicularly, is to that, which it ac- 
quires by falling obliquely in the ſame Time, 
as the Space of its perpendicular Deſcent is to 
that of itz ohügue ene 
V. Tur Time, in which a Body deſcends 
through the oblique Side of a Plane, is to that 
in which it falls through the perpendicular 
Height of the ſame, as the Length of the 


oblique Side is to its Height . + 2510 
VI. A Bop; acquires the fame Velocity in 
falling down the oblique Side of a Plane, as 


Since by the Note to Section the laſt, a Body falls to G, 

(Fig. 6.) in the ſame Time another falls to B, and by (Chap. 
V. F 7.) the Space, a falling Body paſſes over in any Time, 
is half that which it would run over in the ſume Time moving 
uniformly with its laſt acquir'd Velocity, it follows that the Bo- 
dy falling down the oblique Plane would paſs over double the 
Space 4G, moving uniformly with its laſt acquir'd Velocity; in 
a Portion of Time equal to that in which it was acquir'd; like- 
wiſe double the Space AB would be paſſed. over. by the other Bo- 
dy, moving uniformly with its laſt acquir'd Velocity, in a Por- 
tion of Time equal to that in which it was acquir'd ; but ſince 
the Velocities of Bodies moving uniformly are as the Spaces 
they run over in equal Times, the Velocities of the Bodies in 
6 and are to each other as double the Lines 4G and AB, 
that is, as the Lines themſelves, which by F. 3. are as the 
paces run through in the ſame Time, from whence the Propo- 

fition is cler. | 3 5 
+ Dem. The Square of the Time in which AC (Fig. 69 
is run over, is to the Square of the Time in which 46 is 
run over as AC to AG, (by Chap. V. F. 4}- that is, ſince AC, 
AB, 46G ate continually proportional (8 Elem. 6.) as the Square 
af AC to the Square of 4B (by Def. 10; Elem. 5.) therefore 
Times themſelves. are as the Lines 4C and AB, that is, 


A 1 * Side of the Plane to the perpendicular Height. 
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it would do, if it fell freely through the per- 
pendicular Height of it. 
VII. A Body takes up the ſame Time in 
falling through the Chord of a Cirele, whether 

it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the ſame 
lle 7959) 3 10 FS £0040: 1 
. Tri. UPpox this is founded the Theory of 

Pendulums: For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Ti 
whether they were large or ſmall ||. | 

IX. FrxoM hence we ſee the Reaſon, why 
the ſhorter Arches a Pendulum deſcribes, the 


De. The Square of the Velocity which a Body acquires by 
falling to G, is to the Square of the Velocity it acquires by fal- 
ling to C, as the Space 4G to the Space 4C (by Chap. V. 
§. 4.) that is (by 8. Elem. 6. and Def. 10. Elem. 5.) as 40g to 
ABg ; conſequently the Velocity itſelf at G is to the Velocity 
itſelf at C, as 4G to AB: But ſince AG is run over in the ſame 
Time 4B is (fee Note to {. 3.) the Velocity in G is alſo to the 
Velocity in B, as 4&, to AB, (by F. 4.) and conſequent'y ſince 
the Velocities both in C and B bear the ſame Proportion to 
that in G, they muſt be equal to each other. 2. E. D. 
+ Dem. It was demonſtrated (5. 3.] that a Body will fall 
from A to G, (Fig. 7.) on the inclin'd Plane 40, in the 
ſame Time another would fall freely to B, provided 4GB is a 
right Angle, in which Caſe 4G (by 31. Ele. 3.) is a Chord of 
that Circle of which 4 is the Diameter; therefore a Body falls 
through the Chord, Fc. Q. E. D. 
| This may be illuſtrated by conceiving the laſt Figure in- 
verted (as in Fig. 8.) where ſuppoſing the Ball ſuſpended in 
fuch a Manner, as to ſwing in the right Line GA inſtead of 
the Arch G4, it would always fall through it in the ſame 
Time, however long or ſhort it was, for the Inclination of 
the Line G4 ta the horizontal Line BC, is not alter'd by invert- 
ing the Figure, Bs 
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nearer its Vibrations come to an Equality, ſor 
{mall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Gycloid;, each Swing will then be periorm'd 
in the ſame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, 1s always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be more or lets, it will always be run oyer by 
the Pendulum in the ſame Time *. | 
X. ThE Time of the Deſcent and Aſcent 
of a Pendulum, ſuppoſing it to vibrate in the 


Chord of a Circle, is equal to the Time in 


which 


*The Deſcription of a Cycloid: 


D pon the right Line 4B, (Fig. .) let the Clrcle CDE be 


ſo plac'd, as to touch the Line in the Point C, then let this Circle 
roll along upon it from C to H, as a Wheel upon the Ground, 
then will the Point C in one Revolution of the Circle deſcribe 
the Curve CRN, which is called a Cycloid. Now {uppoſe two 
Plates of Metal bent into the form HK and KC, and placed in 


the Situation LH and LC, in ſuch Manner, that the Points H 


and C may be apply'd to L, and the Points anſwering to K 
be apply'd to H and C. This done, if a Pendulum as LP, 
in Length equal to LH, be made to vibrate between the Plates 
or Cheeks of the Cycloid LC and JH, it will ſwing in the 
Line CKH; and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Cycloid, 


will be to the Time a Body takes up in falling perpendicularly 


through a Space equal to IX, (half the Length of the Pendu- 


Jum :) as the Circumference of a Circle to its Diameter, and 
conſequently it will always be the ſame 


They 


| Part l. Page 3a. 
2 N „. 


5 Part l. Lage 32. 


„F 
A 


20 E 


225 ee S 1 Sn 
2 — Do tte IR 2 — po — 


1 
K — . 8 og ml” nas 4d * 
n 6 r 1 ä — 1 1 e . E ＋ . . — — = 1 =_ C2 <A - in PA 


* * + - «7 
3 — - a a — ” 5 1 Shs — * * < 
2 5 4 8 1 10 1 


— —— 
— comye — — 


— — 2 
ans er! 


Chap. VI. Pendulum. 38 

which a Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum. 1 6 00 
Fo the Time of the Deſcent alone upon 
the Chord is equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by 5. 7.); that is, twice the Length of 
the Pendulum: But in twice that Time (vi. 
during a whole Vibration) the Body would 
fall four Times as far (Chap. V. h. 4.), that is, 
through eight Times the Length of the Pen- 
dulum. „ 

XI. Tas Times, that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
as the ſquare Roots of their Lengths *. 
XII. Tux Center of Oſcillation is a Point in 

which, if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 


not be alter'd thereby +; this is the Point from 
| whence 


See the Deſcription of a Cycloid in the foregoing Page, demon- 
ſtrated in the Appendix. | | 


Dem. Let there be two Pendulums A and B C Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 
through a Chord) is equal to the Time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated 5. 7.) ; in like Manner the Time B vibrates in is 
that in which a Body would fall through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 
ON and CB, i. e. of the Lengths of the Pendulums. 


+ The Rule for finding the Center of Oſcillation. i 
| | 1 5 Tf 
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whence the Length of a Pendulum is mea- 
ſur'd, which in our Latitude, in a Pendulum 
that {wings Seconds, is thirty nine Inches and 
two Tenths, 

XIII. Tus Sq uares 0 the Times i in which 
Pendulums, 5 upon by different Degrees 
of Gravity, perform their Vibrations ins, are 
to each other, inverſly as the Gravities . 

From whence it follows, that a Pendulum 
will vibrate lower when nearer the Equator, 
than the fame. when, nearer the Poles ; 5 e 


II the Ball AB / Fis. 12 oy be hos he the String CD, 8 
Weight is inconfide rabſe, the Center of Oſcillation is found thus; 
Tr cory E the Center of the Globe, take the Line K of ſuch a 
neth, that it ſhall bear the ſame Proportion to ED as ED 
C, then ZH being made equal to 5 5 of K, the Point H ſhall 
be the Center of Oſcillation. - | \- 

If the Weight of the Rod CD . too conſiderable. to be neg- 
lected divide CD (. 13.) in J, ſo that D may be e qual ip 
z of CD, and make a Line as &, in the ſame Proportion to C. 
that the. Weight of the Rod bears to that of the Globe, then 
having found H the Center of Oſcillation of the Globe, as be- 
fore, divide IA in L, ſo that /Z may bear the ſame Proportion 
to LH, as the Line CH bears to the Line G; then will L be 
the Center of Oſcillation of the whole Pendulum. See the wy 
thod of finding a general Rule for determining the Sera 
Oſcillation in all Caſes whatever, in the Appendix. 

* Dem. The Spaces, falling Bodies deſeend through, are 25 
the Squares of the Times, when the Gravity by which h they | 
are impell'd is given (Chap. V. $.4); and as the Gravit 
when the Time is given (for the Sum of the Velocities Grove 
in any Time will always be as the generating Forces ) Conſe- 
quently when neither is given, they are in a Ratio compound- 
ed of both,; the Squares of the Times are therefore inverſly as 
the FANS: [r if in 3 Quantities a b, c; a is.@s b c, 
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Chap. VII. Propettieh. $8 
the Gravity of all Bodies is leſs, the nearer 
they are to the Equator ; viz. on account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explain'd _ 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occaſion'd by 
- the Heat in thoſe Parts; (for we find by Ex- 
periment, that Bodies are inlarged in every 
Dimenſion in Proportion to the Degree of 
Heat that is given them;) for which Reaſon 
(J. 11.) the Vibrations of the Pendulum will 


allo be ſlower. 
CHAP. VIL 
Of Projefiles. | 


. 
> 


- 


A BODY, projected in a Direction pa- 
FA rallel or oblique to the Horizon, would 
proceed on in iufinitum in a right Line (by 
the firſt Law of Nature); but being continually 
accelerated towards the Earth by its Gravity, it 
will deicribe a Curve called a Parabola *. __ 


the Squares of the Times, in which Bodies fall through given 
Spaces, are inverſly as the Gravities by which they are acted 
upon; then the Squares of the Times, in which Pendulums of 
equal Lengths perform their Vibrations, will be alſo in the 
ſame Ratio, on account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent 
of a Body through eight Times its Length (5. 12.) | 
Den. Let us ſuppoſe the Body thrown from 4 in the 
Direction 4B horizontally (Fig. 14.) or obliquely (Fig. 15.) it 
would (if not attracted towards the Earth) move * 
& . „ mos 


{ 
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from 4 towards B, that is, in equal Times it would deſcribe e- 
qual Parts of the Line 4B, as AC, CD, DE, &c. but, 1 in 
the firſt Portion of Time, while it would move from 4 to 
C, it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence; it will by a Compoſition 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Parallelo- 
x gram ACGH. Then in twice that Time, viz. while it would 
ave moved over two equal Portions, or from A ta D, it 
would fall downwards to M, four Times as far as before (Chap. 
V. F. 4.) and will therefore be found in J, ſuppoſing DF 
Equal and parallel to 4M. Then again in three Portions of 
Time, or while it would have moved over three Diviſions, 
that is from 4 to E, it would have fallen downwards nine 
Times as far as in the firſt Portion of Time. and therefore be- 
ing carried by theſe two Motions will at the End of that 
Time be found in XK, ſuppoſing EK, or its equal AN, nine 
Times as long as 4G or CH, &c. Therefore the Lines CH, 
DI, EK, &c. which are to each other as the Numbers 1, 4, 
9, &c. are as the Squares of the Lines 40, AD, AE; (theſe 
being only as the Numbers 1, 2, 3.) But this is the Pro- 
perty of the Parabolic Curve. (See De L' Hoſpital B. I. Prop. 1. 
Corol. 2. and Frop. 3. Corol. 1.) Conſequently the Curve 
AHIK, &c. which the Body moves in, whether thrown hori- 
zontally or obliquely, is a Parabola. 2. E. D. 
Lemma 1. The Quotient which ariſes from the Diviſion - of 
the Square of the Line 40 by the Line 4G, wiz. the Quantity 


0 (in either of the Parabolic Curves, Fig. 14. or 15) or 


— — 
. 


rr 


— ——— © 
— 7 p . FR” — _ . 
— £ od ＋ — — —_— — 7 — - 8 p41 — 
. 33 — a As — — —— — a _ "ou * — — : "_ — — 7 2 1 * 22 
— — — chu na ug nada 5 — * W — — - — — — — — = — 2 
- — — —— — — — — 2 : . — — — — 5 — 4 - 2 
— — — — — — rode. * —— — — — 2 — — — — — —— — te hes 1 — _— 
* — 0 "uy 1 — * 8 « 1 —— — — — — — — 7 4 - 2 
— — - Y 2 K 2 — ., — —— w — wel = — — um 1 _ - r bd — 
-» . ew. of = _—_ D s — _—_ * - 2 4 - + . 8 2 — - - - — = — 1 A 
4p. 5 * — * ng — — — — - - - 4-4 _— 0 
AT 2 7 Ws * — — — — — — * 2 ů ů —˙²ð — — 1 
: > — - — 3s is ng 2 Tc — = - Sn <tr IE — _x wn 
a 3 . 8 ＋— n 4 ” . A — i — 
b 1 — 2 N "I Os 1 2 9 = 2 2 12 _ — — > — 0 — i \ 
— — — o 6 _ Dag Je — 2 4 * . 
— 2 2 * - "a= — — rRr” 2 3 — — — — — —— — 
4 
_ 
by 
" 


SIA 


6 i — Pr 
— Rn 
n 
— 


. TT IS 4. PR — > * 1 
= a C-—_- —— —_—— — — — — = OC "I = a 
£.. © DUES IE SEN —— — —̃ Ü—L — — — = 

* 2 — — — — — 1 ASS EE — . —EESTED == „ 
8 S — — = EEE = = 
* % 3 —— — _._—= g — — — 

> —— _—_— — og 2 — — — — — — A = 

po 2 * = — = K "2" 

23 3 * — G * 5 P — 
— FO... . 4 — 
— — *r > — — wy 

- — — = —_ — —— - — - 


+ 2X * *r 8 _ — 23 
— p * 
22 - 
TE M9 3 y — __—_— 
3 I 2 7 ; 
r - - * 
=> X= 2s Ren So Ex 
35> : - 
2 2 - 3-- 
: __ "I - * 
2 
— 


35 
4 
2 


R 
Fe "I - 
* 3 


D 


i 3 22 
the Square of the Line AD divided by 4M, wiz All, or 
the Square of A divided by AN, viz. = is t the 
| A 


Parameter of the Point A. for GHq is equal to 4G multiplied 
by the Parameter (De L' Hoſpital Con. Sect. B. 1. Prop. 1 & 3.) 
therefore the Parameter is equal to GH divided by AG, that 1s, 
25 The ſame is demonſtrable of AD divided by AM, &c. 
and conſequently any of theſe Quantities may be indifferently | 
put to expreſs the Parameter of the ſame Point. 5 
Lemma 2. The Velocity a Rody would acquire by falling 
from an Height equal to the fourth Part of the Parameter of 
the Point 4, is to the Velocity it would acquire by falling 
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from 4 to N. as HE is to twice AN, 
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Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 


ter, with that which it would acquire by falling to N let * 


| | - 
be made choice of to denote the Parameter. Thera vil ex- 
ſs a fourth Part of the Parameter. Now becauſe the Ve- 


locities, acquir'd by falling Bodies, are as the ſquare Rbots of 
the Spaces they fall through (Chap. V. $. 6.) the Velocity, ac- 


quir'd by a Body in deſcending rough i to that Velo- 
city, which it would acquire by falling through AN, as the 


ſquare Root of 27 to the ſquare Root of AN ; that is, ex- 


2 2A 
tracting the Roots of thoſe Quantities as IN o AN, 


and, multiplying each Term by V AN. as AE to AN, or as 
AE to twice AN. Q. E. D. | 
Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 
Parameter belonging to that Point of the Parabola, from whence 
It is intended to be projected. | | 
Dem. The Velocity with which a Body muſt be projected 
from 4 towards B, to make it deſcribe the given Parabola 
AHIK, muſt be ſuch, as would carry it to C by an uniform 
Motion, in the ſame Time that it would deſcend by its Gra- 
vity from A to G; and to E in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the ſame 
Time, as AE is to twice AV; becauſe (Chap. V. F. 7.) its Velo- 
City in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point 4, is to that which it 
would acquire by falling from A to N, alſo as AE to twice 
AN. Since therefore the Velocity, with which the Line AE 
is deſcribed (or, which is the ſame Thing, that whereby the 
Body is N and that which a Body would acquire by 
ough a fourth Part of the Parameter of the my 
3 
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A, bear one and the ſame Proportion to that Velocity which 
a Body would acquire by falling from A to N, they muſt be 
equal. 2. E. D. | 

Corol. This affords us an eaſy Method of finding what Di- 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation, v. g. 
Let it be requir'd to ſtrike an Object as KX, with a Ball thrown 
from A with a given Velocity. Here it is only neceſſary to 
make the Triangle IMK (ſuppoſe a right Line drawn from 


4 to K) ſuch that en which is the ſame Thing = in 


the Triangle AEK, may be equal to four Times the Space a 
Body mult fall through, to acquire ſuch a Degree of Velocity as 
that with which it is intended to be thrown, and then AF will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. 
Lemma. Let there be a Circle as ABC (Fig. 16) AK a Tangent 
: in the Point 4, AB and XI parallel to each other, and let 


the other Lines be drawn, as in the Figure, I ſay = AB. 


For the Angle ABE is equal to the Angle EAK (32. Elem. 3.) 

and the Angle BAE is equal to the Angle AEK as alternate, 

therefore the Triangles ABE and AE K are ſimilar'; conſe- 

quently AB is to AE, as AE to EK, and multiplying the 

| extreme Terms together, and middle Terms together, AB X 

; EK=——A4Egq and dividing both Sides of the Equation by AK, 
4B = 2. Q. E, D. By the ſame Method of arguing 


Ay may be proved equal to 4B. 
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Let it be requir'd to ſtrike an Object in a given Situation as & 
(Fig. 17.) with a Ball projected from 4 witha given Velocity. 

Solution. Erect AB perpendicular to the Horizon, and e- 
qual to four Times the Height a Body muſt fall from, to ac- 
quire the Velocity with which the Ball is to be thrown 3; biſ- 
ſect this in the Point E, through which draw HC perpendi- 
cular to 4B, and meeting the Line 4C (perpendicular to 
AK) in C. On C as a Center with the Radius C 4, deſcribe 
the Circle ABD; laſtly, through K draw the Line KE1 per- 

| —_ pendicular 
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Chap. VII. . Projettiles. 39 
II. Fae greateſt horizontal Diſtance, to 
vhich a Body can be thrown with a given Ve- 
locity, is at we Elevation of 45 Degrees. 

III. Ix two Balls are thrown: at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty five De- 
grees as the other below, the horizontal Di- 


ſtances (or Randoms) where hay: both ' fall, 
wt _ the e 7. 
IV. Tue 


5 to 5 1 cutting the Circle in Ry Points B and 
I ſay AE or 41 will be the Direction —.— | 

For by the Lemma, AP = er 772 but (ex canſirucł io 
e] AB is equal to four Limes the Height a Body muſt fall 
from, to acquire = 2 ER. with which it is ta be thrown, 


therefore its Equal 2 7 Lor 7 is the ſame, which by the Co- 


rollary was the Thing requir'd. to determine the Direction 
ſought; conſequently the Parabola, which the Body will de- 
ſcribe, will ar through the Point X. Q E. D. 

Coroll. 1. From hence it is evident, that if the Object 10 | 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 18.) beyond 2, the Problem is impoſſible; for then QH 
will not touch the Circle, and the Ball will aff reach that 
Point with any Direction whatever. 


And that when the Ball is directed EP 1 it will 
fall on 2 the greateſt Diſtance it can poſſibly be thrown. ta; 
but the Angle 2.4 H being equal to 4 BH. in tbe oppoſite 
Segment (32. Elem. 3.) is equal to half 4GH at the Center 
(20 Elem. 3.) which is a right o ae a is an 
Angle « of 45 Degrees. | 


+ Corll. 2. If the Object is ſituated in Ar. horizontal —.— 
40 (Fig. 19) but nearer to 4, than the eateſt hor zontal 
Diſtance at which it may be truck, ſuppole in K ; the two 
Directions AE and 47, with which it may be hit, are equally 

2 


40 Projectiles. Part. I. 

IV. Tur Height a Body will riſe to, when 
thrown perpendicularly upwards, is equal to 
half the greateſt horizontal Diſtance it can be 

thrown to, with the ſame Velocity kx. 
Fon hence we may cafily know how far 
a Mortar-Piece, or other ſuch Machine, will 
carry a Ball. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 
and Deſcent, half that is the Time of Deſcent, 
from whence we learn the Height from which 
it falls (for Bodies are obſery'd to fall in the 
firſt Second of Time ſixteen Feet, conſequent- 
ly in two Seconds they fall four Times ſixteen 
Feet (Chap. V, (. 4.) in three, nine Times as 
much, Sc. but the perpendicular Height from 
whence it falls is the ſame with that to which 
it aſcended, conſequently ({. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 
an equal Charge. 


diſtant from the Direction AH ; for the Angles IAH and 
HA are equal, as inſiſting on equal Arches IH and HE, 
(28. Elem. 3.) 


* Coroll. 3. The Altitude o 0 perpendicular Projection is 
equal to a fourth Part of the « nf AB ; for the Velocity, 
with which the Body is projected. is (ex hypoth.) ſuch as 
it would acquire by w_ through a Fs; s Part of the Line 
AB: but a fourth Part of the Line AB is equal to half the 
Line GH, or (Fig 18.) that is, half the greateſt hori- 
zontal Diſtance 5 the Body can be thrown. 

See Cotes's H * p. 87. Keihs Introduct. 
ad Phyſ. Prel. 16. | 
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Chap. VII. Proje&iles. 4.1 
V. Tur Randoms of two Projectiles, hav- 
ing the ſame Degrees of Elevation, but thrown 
with different Velocities, are as the Squares of 
the Velocities: For by the laſt, the Randoms 
are equal to double the Heights to which the 
Bodies thrown perpendicularly upwards will 
| aſcend, but the Heights are (Chap. V. g. 6.) 
as the Squares of the Velocities, therefore the 
Randoms are 1o too. | | 
VI. SupPosING the Motion of the Earth, 
all Bodies, when thrown perpendicularly up- 
wards, deſcribe ZParabola's ; notwithſtanding 
they appear both to aſcend and deſcend in the 
ſame right Line. 1 
Tris may very eaſily be illuſtrated in the 
following Manner; let there be a Body car- 
ried uniformly along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
B; as it paſſes the Point C let it be projected 
upwards, by ſome Force acting underneath it 
in the Direction CO perpendicular to the for- 
mer; the Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 
towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the other towards O; let us then ſuppoſe, 
that in the Time it would have advanced for- 
wards to P in the Line AB, it riſes upwards to 
M in the Line CO; it will then be ſound 
in D (Chap. IV. g. 2.) In like Manner, ſup- 


poſing it would have advanced forward to Q 
; F | while 


* 


42 Projectiles. Part. I. 
while it riſes to N, it would then be found in 
E, afterwards in F, then in G, &c. deſcribing 
the Curve CGL which (from what was de- 
monſtrated under g. 1.) is a Parabola®. 

Tax Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB. v. g. Sup- 
poſe the Spectator at Cat the Inſtant the Body 
is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 
will be at Q, Sc. as is evident from what was 
obſerved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
fore ſince the Spectator imagines himſelf ſtand- 
ing ſtill, and ſees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 

that it riſes right up, and falls right down. 


It may be proper to obſerve here, that Ex- 

riments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theory, 
the Reſiſtance of the Air deſtroying Part of 
their Motion ; for which a ſmall Allowance is 
to be made. Se. 


1 


* Dem. Suppoſe the Motion the Body had in common with 
the Earth towards B (Fig. 21.) and that with which it is 
projected towards O, ſuch, as being compounded (Chap. IV. F. 2.) 
would have produced a Motion in the Direction CX; it will 
follow from thence, that the Path deſcribed by it will be the 
ſame, as if it had been thrown in that Direction from a Point 
as Cat reſt; but in that Caſe it would have deſcribed a Pa- 
rabola as CGL (F. 1.) therefore alſo in this. ©. E. D. 


CHAP. 


* 


Chap. VIII. Central Forces. : 43 
nA EE 
Of Centripetal and 2 entrifugal Forces. 


KT HEN a Body is projected in an ho- 
rizontal Direction, and by its Gravity 
made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deviate from a ftraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 
with a given Velocity in an horizontal Dire- 
ion, and goes in a Curve Line, ſuppoſe to 
the diſtance of two Miles from the Foot of the 
Mountain before it falls to the Ground ; 
the ſame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by encreaſing the Velo- 
city, the Diſtance to which it is projected may 
be encreaſed as much as you pleale ; fo that 
it will not fall to the Ground, till it is arrived 
at the Diſtance of ten, or thirty, or ninety 
"nll Degrees ; 
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Degrees ; or till it has even ſurrounded the 
whole Earth, and arrives at the very Top of 
the Mountain from whence it was projected : 
In this Caſe it will perform a ſecond Re volu- 
tion, and ſo on in iufinitum without a new 
Projection, provided the Reſiſtance of the Air 
is taken away. Nay it may be projected with 
ſuch Violence, that it will continually recede 
from the Earth, moving in a Curve, till at 
length it goes out of the Sphere of the Earth's 
Attraction ; after which it will go on in a 
ſtraight Line without ever returning. Which 
may thus be illuſtrated. 

LAT ABC (hr. 22.) repreſent the Farth, | 
M the Top of the Mountain from whence 
the Body is projected in the Direction MQ: 
It may be thrown with ſuch , Force as to carry 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſeribe the Curve 
MO, till it gets out of the Sphere of the Earth's 
Attraction, ſuppoſe at O, going on afterwards 
in the infinite ſtraight Line OX, there being 
nothing to ſtop or alter its Courſe. Farther 
it may be projected with ſuch a Force from 
M (Hg. 23.) as will cauſe it continually to 
recede from the Earth, till it arrives at the 
oppoſite Point G, deſcribing the Curve MKG; 
and if the Point G is within the Sphere of 
the Earth's Attraction, the Body will return 
to M, deſcribing the Curve GLM exactly ſi- 
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Chap. VIII. Central Forces. 45 
milar to MKG; and in moving nearer and 
nearer to the Earth, till it comes to M, will 
regain what Velocity it loſt in going from M 


to G, its Gravity conſpiring with its Motion 


from G to M in the ſame Degree in which it 
oppoſed it from M to G; conſequently the 
Body when at M, having recovered the Velo- 
city with which it ſet out, will be enabled to 
perform a ſecond Revolution in the ſame Curve 
as before; and ſo on. 

AGAIN, ſuppoſe it had been peared from 
the Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
MDM (Fg. 22.) but greater than would have 
ſuffered it to have fallen to the Earth at the 
oppoſite Point F (Fig. 23.) it would alſo in 
this Caſe have arrived at the Point of M from 
whence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
M, would be ſufficient to carry it off again 
from the Earth, till it arrived at M; and to 
make it deſcribe the Path FPM exactly ſimi- 
lar and equal to the former, loſing in its Way 
from F to M juſt ſo much Velocity, as it gain- 
ed by paſſing from M to F; and thereby it 
would be inabled to perform an infinite Num- 
ber of Revolutions in the ſame Curve, with- 
out requiring a ſecond Projection. 
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Fou hence it follows, that ſuppoſing a 
Body projected from a Point at any Diſtance 


within the Sphere of the Earth's Attraction, 
with a Force ſufficient to carry it half round 


without falling to the Surface, it is impoſſible 


it ſhould fall upon any Part of the other half; 


but will return to, the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other Obſtacle to ob- 
ſtruct its Motion *. 8 
FROM hence alſo it is clear, that, the near- 
er the revolving Body approaches to the Earth, 
the faſter it moves; its Velocity being conti- 


nually increaſed during the Time of its Acceſs 
towards the Earth, and as much retarded du- 
ring its Receſs from it. And this Accelera- 


tion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 
Times: The meaning of which is, that if we 
imagine a Line conſtantly extended from the 
Center of the Earth to the Center of the 
Body, that Line will always deſcribe or paſs 


through equal Surfaces or Spaces in equal 


1 Gravity is here ſuppoſed to be inverſly as the Squares' of 
the Diſtances from the Earth, for 'tis peſſible that the Force, 
by which a Body tends towards another, may vary in ſach a 


Manner at different Diſtances, that the projected Body ſhall 


deſcribe a ſpiral Line, continually approaching to, or receding 
from that about which it revolves. 85 


Times, 
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Times, for it conſtantly becomes ſhorter the 
faſter it moves, and vice verd. 
AND for the fame Reaſon that a Body, pro- 
jected with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceſſive Revolutions therein; it follows, that 
the Moon may by the ſame Force of Gravi- 


* Dem. Let the Time in which the Body performs one Re- 
volution be divided into equal Parts, in the firſt of which let 
the Body deſcribe the right Line 4B (Fig. 24.) in the ſecond 
Part of Time, if not prevented, it would go ſtraight on to c, 
deſcribing the Line Be equal to An by the firſt Law of Na- 
ture; the Lines SA, SPB, Sc being drawn, the Triangles SBA, 
ScB, will be equal to each other, their Baſes AB * Be be- 
ing equal, and their Heights & the ſame (38. lem. 1.) When 
the Body arrives at B, let the centripetal Force by one ſingle 
Impulſe turn it out of the ſtraight Line Be into the Line BC; 
in which let it move on uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Cc be drawn parallel to SB 
meeting BC in C; then at the End of the ſecond Part of 'Time, 
the Body will be found in C, having deſcribed the Diagonal 
of the Parallelogram Nc (Chap. IV. F. 2.) Draw SC, and the 
Triangle SCB will be equal to the Triangle $cB, each hav- 
ing the ſame Baſe 8 B and being between the ſame Parallels 
Cc and SB) and therefore alſo equal to the Triangle SB A. 

For the ſame Reaſon, if the centripetal Force acts in the Points 
C. D, E ſucceflively, ſo as to make the Body deſcribe the 
ſtraight Lines CD, DE, EF, &c. in ſo many equal Parts of 
Time, the Triangles SCD, SDE, SEF, &c. will be all equal 
to one another and to the Triangle SAB. Conſequently equal 
Areas are deſcribed in equal Times. Let us then ſuppoſe the 
Baſes of thoſe Triangles, wiz. AB, EC CD, DE, &c. d- 
miniſhed in infinitum, and likewiſe the Times in which they 
are deſcribed ; then will the Perimeter 4, B, C, D, E, F, 
&c. become a Curye, and any Number of thoſe Triangles taken 
together (or their Areas) will be proportionable to the Times 
in which they are deſcribed, Q. E. D. 
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48 Communication of Motion. Part I. 
ty be made to reyolve about the Earth or any 
other Planet by the like Force, about the 
Sun; if the Velocities with which they move 
are duly adjuſted to the Forces, by which they 


are acted upon. 


WIEN a Body revol ves about another i in 
this Manner, that Force or Power by which it 
is prevented from flying off (as it otherwiſe 


would do in a Tangent to the Curve which it 


deſcribes) is call'd the Centripetal ; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal theſe, by the third 
Law of Nature being equal to each other, 
are called by one common Name, Central 
Forces; that with which the Body is at firſt 
projected, or continues its Motion from any 

oint, is the Projectilé Force; and the Time 
in Which it performs one Revolution, the Pe- 
riodical Time. 


Tuxse * properly relating to the Mo- 


tions of the Hea venly Bodies, will be more 


largely treated of in another Place. 
CHAP Ix. 
* the Communication of Motion. 


I. EFORE we proceed to explain the 


Laws, by which Bodies communicate 


their Motion from one to another, it 1s very 
Oy 
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Chap. IX. Communication of Motion. 4.9” 
neceſſary to make a Diſtinction between Mo- 
tion and Velocity; which ought to be well ob- 
ſerv'd, and is as follows. 2 
Br the Motion of a Body (ſometimes called 
its Quantity of Motion, ſometimes its Momen- 
tum) is not to be underſtood the Velocity only, 
with which the Body moves; but the Sum of 
the Motion of all its Parts taken together: 
Conſequently the more Matter any Body con- 
tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſuppoſing 
two Bodies, one containing ten Times the Quan- 
tity of Matter the other does, moving with 
equal Velocity; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 
that the other has: For tis evident, that a 
tenth Part of the larger has as much, as the 
other whole Body. In ſhort, that Quality in 
moving Bodies, which Philoſophers underſtand 
by the Term Momentum or Motion, is no 
other than what is vulgarly called their Force, 
which every one knows to depend on their 
Quantity of Matter, as well as their Velocity, 
This is that Power, a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a fundamental Principle 
in Mechanics. 5 
II. Now, ſince this Momentum, or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves; the Method, to determine how 
1 great 


530 Communication of Motion. Part I. 
great it is, is to multiply one by the other. 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity which the other has; any two 

umbers, that are to each other as two to one, 
will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 
ties of Matter which we need conſider) and 
any two Numbers that are as three to one 
their Velocities ; now multiplying the Quan- 
tity of Matter in the firſt, v/2. two by its Ve- 
locity three, the Product is fix ; and multi- 
plying the Quantity of Matter in the ſecond 
by its Velocity, vis. one by one, the Product 
is one ; their relative Forces therefore or Pow- 
ers will be as ſix to one, or the Moment of one 

is fix Times greater than that of the other. 

Again if their Quantities of Matter had been 
as three to eight, and their Velocities as two to 
three, then would their Moments have been as 
fix to twenty four, that is, as one to four. _ 

This being rightly apprehended, what fol- 
lows, concerning et of the Communica- 
tion of Motion by Impulſe, and the mechani- 
cal Powers, will be eaſily underſtood. 


The Communication of Motion. 
I. In Bodies not Elaſtic. 1 
III. Tuosg Bodies are ſaid to be not Ela- N 
ſtic, which, when they ſtrike againſt one ano- 4 
ther, 


Chap. IX. Communication of Motion. 5 1 
ther, do not rebound, but accompany one a- 
nother after Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
preſſing Force ceaſes to act. For all rebound- 
ing is occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and throw off the 
impinging ag now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 
paration after Impact. 

IV. WHeN one Body impinges on another 
which is at reſt, or moving with leſs Velocity 
the ſame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before ; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 

what one gains, the other muſt loſe. 
Tus, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at reſt : The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the fame; the Sum in both 
twelve; this remains the ſame After Impact 
a 4.) and js equally divided between them 
(9. 3.) they have therefore fix a- piece, that is, 
the impinging Body communicates half its 
Velocity, and keeps half. | 


G 2 V. WHEN 
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V. Wurd two Bodies impinge on each o- 
ther by moving contrary Ways, the Quantity 
of Motion, they retain after Iinpact, is equal 
to the Difference of the Motion they had be- 
fore ; for by the third Law. of Nature, thar, 
which had the leaſt Motion, wall deſtroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
is the Difference. 

Tuus for Inſtance, let there be two 8 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the ſame after 
Impact (4. 5.) and is equally divided be- 
tween them (g. 3.) they have therefore one 
a- piece: That is, the Body, which had five 
Degrees of Velocity, loſes three or as much as 

the other had, communicates half the Remain- 
der, and keeps the other half “. 


* From theſe Pofitions it is eaſy to reduce a Theorem, that 
ſhall thew the Velocity of Bodies after Impact in all Caſes what - 
ever. Let there be two Bodies 4 and , the Velocity of the firſt 
a, of the other 6; then [F. 2.) the Moment of A will be ex- 
preſſed by Aa, and of B by E; therefore the Sum of both 
will be {a+Bb; and Aa- will be the Difference when 
they meet. Now theſe Quantities (by F. 4. and g.) remain the 
ſame: waiter Impact; but knowing the Quantities of Motion and 

gantities of Matter, we have the Velocity (which F. 3. is the 
fame in bath) by dividing the former by the Jatter (as follows 


from F. 2.) therefore 1 —.— 5 


preſs the Velocity of the Bodies after Impact. 


will in all Caſes ex 


— 


II. In 
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Chap. IX. Communication of Motion. 5.3 
II. In Elaſtie Bade, 


VI. Bopies perfectly Elaſtic are ſuch as re- 
bound after Impact with a Force equal to that 
with which they impinge upon one another: 
Thoſe Parts of their Surfaces, that receive the 
Impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a 
Force equal to that of Impact. 

VII. FR ou hence it follows, that the Action 


of Elaſtic Bodies on each other (that of the 


Spring being equal to that of the Stroke) is 


twice as much as the ſame in Bodies void of 


Elaſticity. Therefore, when Elaſtic Bodies 


impinge on each other, the one loſes, and 


the other gains twice as much Motion as if 
they had not been Elaſtic; we have therefore 
an eaſy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Circumſtances, 
had the Bodies been void of Elaſticity. 

Tus, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
reft, the impinging Body will communicate 


twice as much Velocity as if it had not been 
Elaftic, that is (by {. 4.) twelve Degrees, or 
all it had; conſequently it will be at reſt, and 
the other will moye on with the whole Veloci- 
ty of the former, | 


* 


VIII. Ir 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 
laſtic, it loſes more than all; that is, the Ex- 


ceſs of what it loſes, above what it has, is ne- 


gative, or in a contrary Direction; thus, ſup- 
poſe the Circumſtances of Impact ſuch, that a 
Body, which has but twelve Degrees of Velo- 
city, loſes ſixteen; the overplus four is to be 
taken the contrary Way, that is, the Body will 
rebound with ſour Degrees of Velocity. V. g. 
Let it be required to determine the Velocity 
of a Body after Impact againſt an immoveable 
Object. Let us firſt ſuppoſe the Object and 
Body both void of Elaſticity: Tis evident the 
impinging Body would be ſtopp'd or loſe all its 
Motion, and communicate none; if they are 
Elaſtic, it muſt loſe twice as much (by 6. 7.) 
and conſequently will rebound with a Force 
equal to that of the Stroke. 
IX Ir is ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be infinitely 
hard; for then the Impreſſion in the Elaſtic 
Body will be double of what it would have 
0 had they both been equally Elaſtic: And 
conſequently the Force, with which they re- 
bound, will be the ſame as if the Impreſſion 
had been equally divided between the two 
Bodies. 

X. THER® are no Bodies, that we know 
of, either —— Elaſtic, or infinitely hard; 


the | 


Chap IX. Communication of Motion. 8 5 
the nearer therefore any Bodies approach to 
Perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 
thoſe we have laid down. « 
XI. Sir IsAAc NEWTON made Trials with 
ſeveral Bodies, and found that the ſame De- 
ree of Elaſticity always appeared in the ſame 
odies, with whatever Force they were ſtruck, 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, 'to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they niet; and in Steel, he 
found nearly the ſame Proportion; in Cork the 
Elaſticity was ſomething leſs, but in Glaſs 
much greater ; for the Celerity, with which Balls 
of that Material ſeparated after Percuſſion, he 
found to bear the Proportion of fifteen to ſix- 
teen to the Celerity where with they met“. 
XII. We have hitherto ſuppoſed the Di- 
rection, in which Bodies impinge upon one 
another, to be perpendicular to their Surfaces : 
When it is not ſo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 


nifeft that a direct Impulfe is the greateſt of all 


* Newt. Princip, Phil. pag 21. 
others 
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Body 
' which it is to be moved by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two Directions vary 


be reſolve 
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others that can be given with the ſame Degree 


of Velocity *. 
XIII. Tus is the Caſe, dion Bodies impel 


one another by acting upon their Surfaces ; 


but in Forces, where the Surfaces of Bodies 


are not concerned, as in Attraction, (5c. we 


muſt not conſider the Relation which the Di- 
rection of the Force has to the Surface of the 
to be moved, but to the Direction in 


from each other f. 252 Meaning in both 
Caſes 


The Force of oblique Percuſſion is to that of duet, as 505 


Sine of the Angle of Incidence to the Radius. 


Dem. Let there be a Plane as 4D (Fig. 25.) againſt which let 

a Body impinge in the Point Din the Direction BD : which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
þ into two others (Chap. IV. F. 2) BC and HA; the 

one parallel, the other perpendicular to the Plane; but that Force 
which is cxerted in a Direction parallel to the Plane can no Way 
affect it; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line BA; but this is to the Line BD, as the Sine 


of the Angle of IWeidence ADB to the Radius; from whence 


the Propoſition is clear. 

If the Surface of the Body to be ſtruck is a Curve, then let AD 
be made a Tangent to D the Point of Incidence, and the Demon- 
ſtration will be the ſame. | 


+ The Force of oblique Action is to that of direct, a the Co- 
Sine of the Angle comprehended between the Direction of the 
Force, and that wherein a Body is to be moved thereby, to the 
Radius. : 

Dem. Let FD (Fig. 26.) repreſent a Force acting upon a 
Body as D, and impelling it towards E; but let DM be the 
bay: Way in which it is poſſible for the Body tc move; b the 

Force 
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Chap. IX. Communication of Motion. 5 5 
Caſes will be underſtood from the Inſtance of 
a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more its Direction varies from one 
that is perpendicular to its Surface: But the 
Force of the Sail, to move the Ship forward, 
will be leſs, by how much the more the Di- 
rection of the Ship's Courſe varies from that, 
in which ſhe is impell'd by the Sail. | 
XIV. To this we may add the following 
Propoſition, relating to oblique Forces, vir. 
that, if a Body is drawn or impelled three 
different Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
the Forces be to each other, as the ſeve- 
ral Sides of a Triangle, drawn reſpectively 
parallel to the Directions in which they act. 


Force FD may be reſolved (Chap. 4 F. 2) into two others FG 

and FH, or which is equal to GD; but 'tis evident that 
only the Force GD impels it towards M. Now, FD be- 
ing the Radius, GD is the Co-Sine of the Angle FDG com- 
prehended between the two Directions FE and GM; from 
whence the Propoſition is clear. : 


Dem. Let the Lines 43, AD, AE, (Fig. 27.) repreſent 
the three Forces acting upon the Body 4 in thoſe Directions, 
and by that Means keeping it at reſt in the Point A. I heu 
the Forces EA and DA will be equivalent to BA, otherwile 
the Body would be put into Motion by them (contra Hypoth.) 
But theſe Forces are alſo equivalent to 4C (Chap. IV. F. 2.) 
conſequently 4C may be made uſe of to expreſs the Force AB ; 
and EC, which is paralle] and equal ro 40, may expreſs the 
Force 4D, while E expreſſes its own : But ACE is a Tri- 
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58 Mechanical Powers. Part I. 


CHAP, X. 
Of the M echanical Powers: 


LY JAVING, in the foregoing Chapter, 

accounted for the Communication of 
Motion by Impulſe ; we proceed next to con- 
ſider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 


Names of Mechanical Powers. The Uſe of 


theſe Powers conſiſts chiefly in managing great 
Weights, or performing other Works with a 
determinate Force. 

II. They are uſually reckoned five. vig. 
'The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge; to which ſome 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. 

III. Tus Inſtruments have been of very 
ancient Uſe; for we find that Archimedes was 
well acquainted with the Extent of their Pow- 
er; as may be inferred from that celebrated 


; Say ing of his, Ade 22 c9, rat Thy yiv xmjow. 


By which he meant, that the greateſt imagi- 


nable Weight might be moved with the ſmal- 


leſt Power. 5 


angle whoſe Sides are all parallel to the given Directions; 
therefore the Sides of this Triangle will expreſs the Relation of 


the Forces by which the Body is kept at reſt. 2, E. D. 
| IV. Tur 
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IV. Taar Body, which communicates Mo- 
tion to another, iscalled the Power ; that which 
receives it, the eight. 

V. Tur Point in a Body, which remains 
at reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 
ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity), or that, about 
which all bh Parts of the Body, in whatever 
Situation it is placed, exactly balance each o- 
ther. 

VI. WHEN a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the other. 
See Chapter the laſt, G. 4. and 5. 

VII. WaEN two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them fixed to. dif- 
ferent Parts of the ſame Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily have ſuch a Degree of Velocity gi- 
ven it, that their Moments will be equal; ir 
will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
a Quantity of Motion equal to its on; tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſtant it muſt loſe all its own Motion 
by communicating the whole to the other 
H 2 5 Body, 
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60 Mechanical Powers. Part J. 
Bedy, and therefore, being left to itſelf, will 
remain at teſt, and communicate none at all. 
Now the Moments of two Bodies are equal 
(Chap. IX. C. 2.) when the Velocity of the 
firſt is tq that of the ſecond, as the Quantity 
latter of the ſecond to that of the firſt. 
or tf} we} ſuppoſe their Quantities of Matter 


as one to/three, then by the Suppolition their 
Velocities are as three to one; and if we mul- 


tiply the Quantity of Marter in the firſt, vg. 


one, by its Velocity three, and that of the o- 
ther, DS. three, by its Velocity one; their Pro- 
duds are equal; their Moments are therefore 
by the Definition (Chap. XI. g. I. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; ſor the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 
VIII. FRon hence it follows, that in any 


Machine, whether ſimple or, compound, the 


Power however ſmall may have a Moment 
equal to that of the Weight; provided the 


Machine be ſuch, that when it is in Motion, 


the Velocity of the Power ſhall bear ſuch Prd- 
portion to that of the Weight, as the Weight 
does to the Power; fer then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity; conſequently their 
Moments will be equal by (. the laſt, and 
therefore by F. 7. they will exactly balance 
each cther; or be in Æquilibrio. 

| IX. Bur 
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IX. Bur if the Power bears a greater Pro- 
portion to the Weight, than the Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other; 
ſo that though the other receives all its own 
Moment from it when the Machine moves, 
yet there will ſome remain, which if it be ſuf- 
ficient to overcome the Friction of the Machine, 
will keep it moving. 

WIE proceed now to treat of each Mecha- 
nical Power in its Order, and 


I. Of the Lever. 

EX. Tur Lever is a right Line (or Bar whoſe 
Weight in Theory is not confider'd) moveable 

on a Center, which is called its TIN," or 

fixed Point. 

XI. Tye Aquilibrium in this Machine is, 
when the Diſtance of the Power from the fixed 
Point is to that of the Weight from the ſame, 
as the Quantity of Matter in the Weight is to 
that 1 in the Power. 

Fo k, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the other; 
'tis evident, the farther the Power is placed 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when the Machine is 
put in Motion; that is, it will move over pro- 
portionably more Space i in the ſame Time than 


the Weight to be raiſed ; now, if it is placed juſt 
| Th 125 ſo 
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62 De Lever. Part J. 


ſo many Times farther from the Fulcrum, as it is 
leſs than the Weight, it will move juſt ſo many 
Times faſter; their Moments therefore will be 
equal (5. 7.) and conſequently the Power and 
Weight will exactly balance each other, or be 
in Aquilibrio *. And, if the Power is ſuffi- 
ciently augmented to overcome the Friction of 


the Machine, it will put it in Motion. 


THe Lever is of three Kinds. 1. When the 
fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When the 
Weight is between the fixed Point and the 
Power. 3. When the Power is between the 
fixed Point and the Weight, 
IN all which Caſes the Aquilibrium will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 
ly as their Quantities of Matter; for then (by 
9. 7.) being at reſt, neither of them will com- 
municate any Motion to the other | 

Tur common Scales may be conſidered as 


_ * Geometrically thus. Let 4B (Fig. 28.) repreſent the Le- 


ver, F the Fulcrum, V the Weight, P the Power, the one ſuſ- 


pended at the Extremity of the Lever A, the other at B, and 
let BF be to FA as , to P; then while the Lever moves from 
the Situation 4B into that of CD, the Point B which ſuſtains 
the Power will move as many Times farther than 4 which ſuſtains 


te Weight (and conſequently as many Times faſter fince they per- 
form their Motions in the ſame Time) as the Arch BD is longer 


than AC; that is, the Triangles BFD and AFC being ſimilar, 


as the Arm BF is longer than AF, which {ex Hypoth.) is as many 
- Times as the Weight exceeds the Power, they will therefore 
« ($- 7.) be in Æquilibrio. Q E. D, | 


a Leycr 
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a Lever of the firſt Kind, where the Weight 
and Power are applied at equal Diſtances from 
the fixed Point. 

The Steelyard is alſo a Lever of the firſt 
Kind, but whoſe Arms are unequal. 
TE Difference between the Uſe of the 

Scales and the Steelyard conſiſts in this; that 
as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
| heavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
ſpe& to that of the Weight by applying it 
farther from the fixed Point, which by &. 7. 
will have the ſame Effect. | 


IT. The Wk EL and Axis. 


XII. Tris Machine is a Wheel, that turns 
round together with its Axis; the Power in 
this is applied to the Circumference of the 
Wheel, and the Weight drawn up by Means 
of a Rope wound about the Axis. 
XIII. In this there will be an Æquilibrium, 

when the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of the 
Axis. 

*T1s evident, the Velocity of the Power will 
excced theVelocity ofthe Weight, as many Times 
as the Circumference of the Wheel exceeds that 
of its Axis; becauſe the Spaces they paſs over 
in one Revolution will be as thoſe Circum- 
ferences; that is, as many Times as the Dia- 
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meter of one exceeds that of the other (the 


Circumferences of Circles being as their Dia- 
meters;) what therefore in this Caſe the Pow- 
er wants in Weight will be made up in Velo- 


city, from whence (S 7 .) there will be an Æ- 


uilibrium *. 

Tux ' Uſe of this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 
ing turned ſeveral Times round, which the 


Lever is not; and alſo to communicate Mo- 


tion from one Part of a Machine to another; 
accordingly there are few compound Machines 


without 1 K. 


III. The Pier. 

XIV. A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 
Axes. 

XV. A Gaps Polly if its Axis is fixed 
is of no other Uſe, than to alter the Direc- 
tion of the Power; for the Power and 


Weight will both moye through an equal 


® Geometrically thus. Let 4B (Fig. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, V the Weight, and 
P the Power ; when the Wheel begins to move, the Point 
B and D will deſeribe ſimilar Arches about the Center C, in 
the ſame Manner the Point 4 and B in the Lever were ſhewn 
to do about the fixed Point F (Fig. 28.) that is, the Point B 
will move as many Times faſter than 8. as CB is longer than 
CD or 4B than DE, the Motion therefore of P (F. 7.) will 


be equal to that of V. From whence the Propoſition 1s clear. 
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Chap. X. The Pulley. | 65 

Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 

as in Fig. 31. the Æquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that pals between the up- 


r and lower Pullies. 
For, ſuppoſe one End of the Rope fixed 


in B (FI Fig 30.) and the other ſupported by the 
Power P, it is evident, that in order to raiſe 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal : for the ſame Reafon, if there be four 
Ropes paſſing from the upper to the lower 
Pullies as in Fig. 3 1. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, Sc. In all Caſes therefore when 
the Power is to the Weight, as one to the 
Number of Ropes paſſing {rom the -upper to 
the lower Pallies 6 7) there _ _ an 42 | 
quilibrium. a 
XVI. Ie the Pullies be diſpoſed a a8 in Figure | 
the 32d, each having its own particular Rope, 
the Action of the Power will be very much 
increaſed; for here every Pulley doubles it, 
wherefore the Power is four Times greater 


with two Pullies, eight Times with three, 
I ſixteen 


66 The. Screw. Part. I. 


ſinteen Times with four, Sc. For, it is evi- 


dent from the Conſideration of the Figure, the 


firſt will move; half as faſt as the Power, 


the! ſecond! half as faſt, as that, and fo on; 


rao: (d. .) the Power is doubled by 
each Pulley... 

"Taz Uſe of the Pulley, is N the ſame 
with that of the Wheel and Axis, but it is 


more re penis, and eaſier to be fixed up. 


2 5 
8 The. Sckkw. 3 
111 XVI IN this Machine the Zquilibrium 
will be, when the Power is to the Weight, 
28 the Diſtance. between any two contiguous 
Threads or Spirals in the Screw, to the Way 
deſcribed by the Power in one Whole Pi 
tion. It is m a mam. the. Form of the 


— - 


rh s 0x0; the. oOwer in that Proporin 
there w1ll be an Zquilibrium. 

This Machine is Of great Force, and very 
uſeful in retaining Bodies in a compreſſed 
State, becauſe it will not run back, as the 


three foregoing! will, when the Power, i is re- 
| moved. * ariſes from the great Friction 
©9211 , - 250 n a 
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Chap, «x 20 Wedge. 67 
of thoſe Parts in the Screw, which during its 
Motion ſlide upon thoſe that are at Reſt. ; 


„The Wepes: 


XVIII. RA Inſtrument is formed by two 


equal ReQangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third; 

which is called the Back. of the Weage ; the 
other two, its Sides. 

XIX. In the foregoing Mechanical Powets 
we have all along conſidered the Weight, as 
moved in the fame Direction with that, in 
which it is ated upon by the Machine, as is 


commonly the Cafe ; but in this, the Weight 


is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide- 
T differed in their Determination of the 

ower of this Machine, ſome confidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions, they 
have given us, for the determining the Power 
of this Machine, and examine them one by 


one. 1. It is demonſtrated by ſome, that the 


Power will de equivalent to the Refiſtatice of 
the Weight, when it bears ſuch Proportion 
to it, as the Breadeh of the Back of the Wedge 
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68 De Wedge, Part. I. 


does to the Sum of its Sides; or, which is 


the ſame Thing, as half that Breadth to one of 


its Sides. 2. Others make it ſome what larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge, 3. Some are of Opi- 


nion, that there will not be an Equilibrium 


in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 


the; 4” ger s Height; vis. WALLIS, 


Kz1L, 4 GRAVESANDE in his Elements 
(L. 1. Chap. 13.) gives us the ſame Proporti- 
on with the laſt ; = in his Scholium de ligno fin- 
dendo, tells us, that when the Parts of the Wood 
are ſeparated no farther than the Wedge is dri- 
ven in, the Æquilibrium will be, when the 
Power is to the T as half the Breadth 
of the Back of the Wedge to one of its Sides. 
THOSE, who lay down the firſt Proportion 
for determining the Power of this Machine, 


ſuppoſe the Parts, which are ſeparated from 


each other thereby, to recede from their firſt 


Situation in Directions perpendicular to the 


Sides of the Wedge. Thus let AC B (Fig. 34.) 


repreſent a Wedge; P, P, two Bodies to be 


ſeparated by it, the one to be moyed . towards 
. of 5 other towards F, in the Directions CT, 
and CF perpendicular to AC and CB; then 


tis evident, that when the Wedge is driven 


in to the Situation MNO, the two Bodies 
wil be moyed to BR that is, one will 


have 


Chap. X. The Wedge. 6g 
have paſſed through the Space CK, the other 
through CL, but theſe Spaces being equal, 
their Velocities are the ſame as if they had 
both paſſed over one of them, v. g. CL, or 
which is equal to it DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied at D, moves through DC, while 
the Obſtacle moves through DG, conſequent- 
Iy (G. 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CBF, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CT and CF, is 
true. 8 | 

3 2. Tur ſecond Proportion is alſo true, ſup- 
| poſing the Bodies P, P, to recede from each 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 

| Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or which is equal 

to it DB, half the Back of the Wedge, and 

the Power through a Space equal to its Height 

as before; conſequently (J. 7.) in this Caſe, 

the Aquilibrium will be, when the Power is 


* For (8 Elem. 6.) the Triangles DCG and DC are fimilar,. 
and conſequently DG: DC:: DB: CB. | 
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to the Weight, as half the Back of the Wedge 


to its Height 


3. TuosE, who imagine there will not be 


an Equilibrium, unleſs the Power be to the 


* The ſame may be otherwiſe demonſtrated from Section 14. 


Chapter 9. thus. Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge AEC by the Weight W, in the Direction LF, 
Parallel to the Back of the Wedge 4B; but prevented from 
fliding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe repreſented by EF) lying under it. I fay, the 
Power will be to the Weight, when they are in Æquilibrio, as 
DA4 to DC. | | 

Dem. The Body L is here ated upon in three Directions, 
vix, by the Force of the Weight in the Direction LF, by 
the two Planes CA and EF, in the Directions LG and LI. 
perpendicular to their Surfaces; let GE be drawn parallel to 
£1, then will the Triangle LGE have all its Sides reſpec- 
tively parallel to thoſe Directions; conſequently (Chap. 9. F. 14) 
if we ſuppoſe LE to expreſs the Force of the Weight, GE will 


expreſs that of the ſuppoſed Plane, or which is the equal to it, 


becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being «x Conſfruct. reſpectively 
rpendicular to thoſe in the other; v. g. LG to CA, EL to 
C, and GE to DA); conſequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. 2. E. D). 5 
Corol. Suppoſe the Body L had been drawn againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction towards 
G. as in the firſt Caſe ; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that; with 
which it refiſts the Power; but GE is to GL as DA to AC, 
the Triangles'ZGL and DAC being ſimilar ; conſequently in 
this Caſe, the Power will be to the Weight, as half the Breadth 
of the. Back of the Wedge to one of its Sides ; as was before 
demonftrated, lag | TY 
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Chap. X. The Wedge. 71 
Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 
recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ar- 
gument: vir. that, when the Wedge is driven 
in to the Situation MNO (Fig. * 1 as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 
the whole Weight has therefore moved through 
twice ſo much, or a Space equal to the whole 
Back: as mack as to ſay, the Whole has mo- 
ved farther than its Parts; which is abſurd. 
4. Ins is GRAVESANDE'S Miſtake in his 
Elements, the ſame he has alſo made in his Sch. 
liam de ligno findends, and thereby determined 
the Power in both Places to be twice as big, 
as it ought to be. If he had proceeded in the 
following Manner, his TR would” have 
been egfier, as well as the Concluſion on juſter. 


Sappoſe the Wedge ABC . ſp the 


Wood: QLQ (as —— F. 850 which 
is ſplit no farther than the vine. ow the 
Wedge (or however no farther, than is juſt 
_ ſufficient to give it Room to move) which 
Cale GRAVESANDE ſuppoſes in his Scholium, 
I fay, that in this Situation of the Wedge 
the Power is to the Weight, as one fourth 
Part of the Back of the Wedge to one of its 
WE For it is evident, that when the upper 
.- aa 


US: The Inclined Plane. Part I. 


Ends of the Wood, which preſs againſt the 
Wedge in the Points G, H, are put into Mo- 
tion by the Wedge, they will move in the 
Directions HI and GF, perpendicular to the 
Sides of the Wedge, beckaſs they turn as it were 
upon a Joint at L, which we always ſuppoſe 
contiguous to C: again, ſince only the upper 
Ends of the Wood are put into Motion, and 
not the lower ones, which remain at L ; tis evi- 
dent, that the Motion of each Piece (ſuppoſing 
| their Thickneſs the ſame from End to End, and 
their Subſtance uniform) will be but half, 
what it would have been had the lower ones 
moyed with the ſame Degree of Velocity. Now, 
were all;the Parts of the Wood to have the 
fame Degree of Velocity with the upper ones, 
the Power would be to the Weight, as in the 
firſt Cafe; viz. as DB to BC (Tig. 34.); there- 
ſore in this Caſe, it is às half DB to BC, or 
as one fourth Part of the Back of the Wedge to 
one of its Sides. Which was to be proved. 
XX. Tur Form of the Inclined Plane being 
no other than that of half a Wedge, as is ma- 
nifeſt from the Repreſentation of it (Fig. 37.) 
it follows that what has been demonſtrated 
of the one, may be applied to the other, and 
the Properties of both will be found the ſame. ; 
For Inſtance, if the Weight W is to be raiſed 7 
up the Plane CB, by the Power P, in a Di- * 
rection parallel 2 the Plane, inſtead of that, 


we may ſuppoſe the Weight prevented from N 
running 1 
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Chap. d The Concluſion. 77 
running off the Plane by the String WIH, and 
the inclined Plane driven under it like a Wedge 
ia the Direction DC: then will the Weight 
riſe towards G in a Direction perpendicular 
to CB, for we muſt always ſuppol- the String 
WB parallel to the Plane ( as it would have 
heen, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be ſimilar to that of the Wedge 
in the firſt Caſe and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
D to BC; that is, as the Height of the Plane 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by 4 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
CD, that is, parallel to DB: then the Caſe will 
be analagous to the ſecond of the Wedge; 
conſequently, the Power will be to the Re- 
ſiſtance of the Weight, when there is an A.- 
quilibrium, in the Proportion of DB to DC, 
as there demonſtrated. . „ 
XCNI Tust are the Powers or Machines, 
which, under different Forms, conſtitute all 
other how complicated ſoever; and as the 
Aquilibrium, in any one of theſe is, when the 
Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
K balance 
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balance each other, when they are in this 
Proportion; for by g. 7. their Moments will 
then be equal, and the Machine, if at reſt, 
will continue in that State; and, if put into 
Motion by an external Force will gradually 
loſe it, when that Force ceaſes to act; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuum. 
From hence we ſee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 
_ perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force ; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 
be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deftroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, Which was at 
firſt given to the Machine, muſt at length be 
neceſſarily loſt, But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
one Body communicates its Motion to another, 
and not deſigned to produce a Force which 
had no Exiſtence before. *Tis for want of a 
due Conſideration of this, that ſo many Me- 
chanical Deſigns have proved abortive, ſo many 
Engines unequal to the Performance for which 

they 
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they were deſigned, and ſo many Impoſſibi- 
lities attem pted. 


« Tx it were ponts ſays Bp. WILKINS, 
to contrive ſuch an Invention, whereby 
« any conceivable Weight may be moved by 
* any conceivable Power, both with equal 
« Velocity (as it is in thoſe Things which are 


« immediately ftirred by the Hand, without 


„the Help of any other Inſtrument) the 
« Works of Nature would be then too much 


ſubjected to the Power of Art; and Men 


« might be thereby encouraged (with the 
Builders of Babel, or the Rebel Giants) to 
& ſuch bold Deſigns, as would not become 
« a created Being. And therefore the Wiſdom 
« of Providence has ſo confined theſe Human 
„Arts, that what an Invention hath, in the 
" Strength of its Motion, is abated in the S/ow- 
« neſs of it; and what it has, in the extraordi- 
« nary Puickneſs of its Motion, muſt be al- 
„ lowed for in the great Strength requiſite in 
« the Power which is to move it *. 


* 7 ;/kins's Mathem. Magick. p. 104. 
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CHAP. L 


Of the Phænomena which le "from 
the mutual Action of the Particles 
of Fluids upon one another. 


. N the former Part of this Eh, 1 I have 

| ] laid down and explained the general 
Laws of Nature, and from thence. de- 

duced thoſe Phenomena, which are ina *ftrict 
and Proper Scnſe * denominated MAR 
| 1 pro- 


14 a larger Senſe, all the Effects and Operations of natural 
Bodies upon one another may be called Mechanical; as being 
all ſubject to the general Laws of Motion. In Hydroftatics 
Fluids are governed by the Laws of Mechaniſm, as much as 
the — Powers themſelves are; ; the ſame holds 2 
A ays 
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4 The Action of Fluids Part II. 


I proceed now to an Explanation of ſuch, as 


Philoſophers have comprehended under the 


Name of Hydroſtatics; the Intention of which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, 


and upon Solids. 


II. The Nature of a Fluid#, as diſtinguiſh- 


ad frotty that of a Solid, or hard Body, conſiſts 
in this, vi. that its Particles are fo looſely 
connected together, that they readily move 
out of their Places, when preſſed with the 


leaſt Force one Way more than another . 


From whence Philoſophers conclude, that 
they 


* 


ly prevails, as has been demonſtrated by Sir Jaac Newton ; 
which we ſhall endeayour to make out when we treat of the 
Phyſical Cauſe of the Motion of the Heavenly Bodies. 


dome Philoſophers make the following Diſtinction in 
Fluids; thoſe which flow or ſpread themſelves till their Surfaces 
become level or horizontal, they call Liquid; in Contradiſtinc- 


tion to Flame, Smoak, Vapour, &c. which are alſo Fluids, but 
do not acquire ſuch a Surface. Thoſe, which are capable of 
exciting in us the Idea of Moiſtneſs, as Water, &c. they 


call Hamid, diſtinguiſhing them thereby from Air, Quickſilver, 
and melted Metals. But thoſe Diſtinctions are quite unneceſſary 
in a Philoſophical Senſe; the Surfaces of all Fluids being level, 
when not prevented by the Bodies about them ; and Humidity 
is only a re/atzve Quality; for tho* Quickſilver will not moiſten, 
or ſtick to a Man's Fingers, it will to Silver or Gold. | 


I The common Definition, Fluidum eſt cujus partes immraſſoni 
cuicunque cedunt, & cedendo facillime moventur inter ſe, though 
ĩt z very well the Nature of a compreſſible Fluid, as Air, 
. oes not correſpond to that of Water, whoſe Parts have 
been found to yield to no Force, with which they have been 


Rays of Light, as will be ſeen when we come to Optics ; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
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they are exceedingly minute, ſmo both, and 


7 


round ®; it being otherwiſe impoſſible they 


ſhould 


compreſſed, unleſs it was greater on one Side than on the other 


The Definition therefore ſeems imperfef, as not expreſſing that 


Inequality of Preſſure, which is requiſite to move the Parts of 


ſome Fluids one among anather. 


* Tt is commonly obſerved that the Roundneſs of the Parti- 
cles conduces very much to Fluidity, not only as it diſpoſes them 
to move one among another with greater Facility, but becauſe 
round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker. 
But, upon this Suppoſition, the Particles of a Fluid ought to 
move with leſs Freedom one among another, by how much the - 
greater the Weight is, with which they are compreſſed, (for it 
is the ſame thing in this reſpect, whether they preſs againſt each 


\ Other by Virtue of their own Attraction, or by ſom ext 


Force) but of this we have no Experience. A Diver, upon 


_ plunging out of his Bell at the Bottom of the Sea, never finds 


the Water leſs fluid, notwithſtanding the great Preſſure from 

above, Mr. Boyle having cauſed a Tadpole to be put into a 

Veſſel of Water, and to be preſſed with a very great Foree, tells 

us, that in Appearance it found no Inconvenience from th 

but ſwam about with the ſame Freedom and Brifkneſs as ever. 
Quere, Whether the Particles of which Fluids conſiſt, are in 


Contact with each other, or not? Perhaps, they are prevented 


from approaching, nearer than to a certain Diftance, by a re- 
pelling Power, diffuſed around each fingle Particle. The Ob- 
ſervation, that Water is not render'd leſs fluid by Preflure, ſeems 
to favour this Opinion ; and the Property, which the Air has of 
expanding or contracting itſelf, according to the Weight which 
it ſuſtains (as ſhall be ſhewn Chap. 3.) proves beyond Contra- 
dition, that its Particles are endued with ſuch a Power. Bot 
then if the Particles of all Fluids have this Power, it will follow 

that they ought to be in ſome Meaſure capable of being reduced 
into leſs Space by Preſſure, as Air is; which they have not as 
yet been ſhewn to be. Further, fince it has been proved (Part 
I. Chap. 3.) that if the Parts of Fluids are placed juſt beyond 
their natural Diſtances from each other, they will approach and 
run together, and if placed farther” aſunder ſtill, will repel each 


other; it follows, upon the foregoing Suppoſition, that each 
"hs N g | e 2 A 2 * . 5 Particle f 


5 The Action of Fluids Part II. 
ſhould move with ſuch Freedom one among 
another, upon the leaſt Inequality of Preſſure. 
III. Thoſe Particles, conſidered ſeparately, 
are endued with all the common Properties 


of Matter, and ſubje& to the ſame Laws of 
b e 5 Mot ion 


Particle of a Fluid muſt be ſurrounded with three Spheres of 
Attraction and Repalſion one within another: the innermoſt of 
which is a Sphere of Repulſion, which keeps them fiom ap- 
proaching into Contact; the next, a Sphere of Attraction dif- 
fuſed around this of Repulſion, and beginning where this ends, 
by which the Particles are diſpoſed to run together into Drops ; 
the outermoſt of all, a Sphere of Repulſion, whereby they repel 

each other, when removed out of that Attraction. 5 
Now, if this Hypot hbeſis ſhould be found to be true; and we 
might, agreeably to the above-mentioned Conſequence of it, 
ſuppoſe, that the Particles of all Bodies attract and repel each 
other alternately at different Diſtances, perhaps we might be 
able to ſolve a great many Phenomena relating to ſmall Bodies, 
which now lie beyond the reach of our Philolophy. However, 
upon the Suppoſition of the three Spheres of Attraction and Re- 
pulſion juſt mentioned, nothing is more eaſy, than to ſee how. 
Solids may be converted into Fluids, and Fluids into Solids (as 
is done in Liquefaction and Freezing) ; for allowing, that the 
firſt or innermoſt Sphere of Repulſion is capable, like that of 
the Particles of Air, of being augmented by Heat, and diminiſh- 
ed or totally ſuſpended by Cold; it follows that Bodies muſt 
be more or leſs fluid, in Proportion to the Degree in which 
they are affected by Heat or Cold: for when the Action of the 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, the 
Particles of the Fluid muſt neceſſarily be brought into cloſer 
Contact with each other by the Force of the circumambient 
Attraction, and by that means conſtitute an harder Body than 
before. But, we muſt not dwell too much upon an Hypotheſis 
which wants Proof; I ſhall only add, that altho' ſome Fluids, 
as Water, have not been as yet contracted in their Dimenſions, 
or made to take up leſs Space than they naturally do, by any 
Force with which they have been compreſſed by Art; yet there 
are none but are naturaliy contracted by Cold, from whence it 
ſeems reaſonable to infer, that their Particles are at leaſt capable 
of being brought into cloſer Contact, which is ſome Confirma- 

tion of th is Doctrine. 
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Motion and Gravitation with larger Bodies. 
To enquire therefore into the Nature of Fluids, 
is to conſider, what Appearances a Collection 
of very ſmall round Bodies, fubje& to thoſe. 
Laws, will exhibit under different Circum- 
ſtances. In order to which, it is uſual with 
Hydroſtatical Writers to confider a Fluid, as 
divided into ſeveral perpendicular Columns 
contiguous to each other. Sometimes it is 
convenient to conceive it divided into thin 
Plates or Strata ly ing upon one another. In 
ſome Caſes, the ſame Fluid is conſidered, as 
diſtinguiſhed both theſe Ways, vi. into per- 
pendicular Columns, and alſo into thin Strata 
or Plates. Figure 1. repreſents a Veſſel filled 
with a Fluid to the Height EF, and divided 
into the Columns GH, IK, LM, Sc. and alſo 
into the Strata RS, TV, XY, Sc. | 
IV. From this Obſervation, concerning the 
Properties of the Particles conſidered ſeparate- 
ly, immediately reſults the following Propo- 
ſition, vi g. that in a Veſſel, whoſe. Form is 
ſuch as is repreſented by ABCD, (Fig. 1.) the 
Quantity of Preſſure, which each Stratum ſuſ- 
tains from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


It is an obvious Objection to this, that Water by freezing is 


avgmented in its Bulk ; but this may be owing to thoſe Bubbles 


or Vacuities, obſervable in the Water after it is frozen, which 
were not in it before; and not to any general and uniform Re- 
moval of the Particles of the Fluid from each other, which the 
QbjeRion, if it is of any Force againſt what has been advanced, 
mult ſuppoſe. „„ | 
Strata, 


8 The Action of Fluids Part II. 
Strata, which reſt upon it, that is, as the Height 
of the Surface of the Fluid above it; for if 
we ſuppoſe the Strata of equal Thickneſs, the 
Quantity ſuſtained is proportionable to the 
Number of Strata of which it conſiſts. 
V. When the Surface of a Fluid is horizon- 
tal or level, each Particle thereof is diſpoſed 
to continue in its Place, being ſuſtained there- 
in by the contiguous ones. 
Let the Fluid be ſuppoſed to be divided 
into Strata, each of the Thickneſs of a Parti- 
cle of the Fluid; and if the Truth of this 
Propoſition be denied, let the Particle nn be 
one of thoſe which is not ſuſtained in its 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, fince all the 
other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Preſ- 
ſure (b 8 y the laſt Propoſition,) conſequently for 
the ſame Reaſon that one of them is moving 
towards D, the reſt may all be ſaid to be 
moving 1n the fame Direction: But this Cane 
14.8 not be true of the whole Stratum, while the 
1 Veſſel is entire, and therefore of none of its 
N Parts. Now, the like Reaſoning will hold a- 
gainſt the Motion of the Particle un towards 
any other Part of the Veſſel; from whence it 
ſollows, that each Particle of the Fluid is 


ſuſtained in its Place by the contiguous ones, 
and 
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Prpolttien in \ Hydroftatics, Viz That when 
the Surface of a Fluid is level, whatever Preſ- 


ſure any ſingle Particle or ſnall Portion of, it 
ſuſtains from the contiguous ones on one 
Part, it ſuſtains the fame on all the reſt; that 
is, it is preſſed by them with an equal Degres 
of Force on all Sides F. 

For, by the Definition of the Fluid (g. 2. 
each Particle is diſpoſed to give Way, and 
move out of its Place, when the Preſſure is 
not equal on all Sides; and (J. F.) each Par- 
ticle is preſſed by the contiguous ones in ſuch 
a Manner, that it is ſuſtained in its Place there- 
by; it is therefore preſſed with an rl De- 
gree of Force on all Sides. 

Corol. From hence it follows, that 2 
Particle or ſmall Portion of a Fluid preſſes 
with the ſame Degree of Force in all Direc. 
tions on thoſe which are contiguous to it, 
For, by the third Law of Nature, every Par- 

This ſnews us wha Abſurdity of ſome Philoſophers, who 
make the Nature of a Fluid, as contradiſtinguiſhed from that 
of a Solid, to conſiſt folely in the inteſtine Motion of its Fartieles. 


F This Propoſition with its Corollary i is not ſtrictly ſpeaking 


true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 


poſed void of Gravity, for it preſſes downwards with a Forte 
equal to the Weight of thoſe Particles which reſt upon it, ad- 
ded to its own; whereas the Force with which it prefſes up- 
wards is only equal to the Weight it ſuſtains, vix. that of the 
incumbent Fluid. But the Particles of Fluids are ſo exceedingly 
minute, and the Gravity of each ſo very _— that the Error 
ariſing from A is infenfible, 

| ticls 
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To The Action of Fluids Part II. 
ticle preſſes upon the contiguous ones with 
the ſame Degree of Force, with which it is 
preſſed upon by them. 
VII. The Surface of a Fluid becomes level 
by its own Gravity, when no external Force 
prevents its being 10. ch 
For, the Particles of Fluids preſs in all Di- 
rections with Forces proportionable to the 
Height of their Surfaces (Cor. F. 6. and 6. 4.) 
if then the Surface be not level, the different 
Parts of the fame inferior Stratum will be 
preſſed not only downwards, but ſideways a- 
gainſt each other with unequal Forces; the 
greater Preſſure therefore overcoming the weak- 
er, the Particles which ſuſtain the leaſt Preſ- 
ſare, will be driven out of their Places and 
raiſed up, till the Surface becomes level; the 
Surface being level, each Particle will be e- 
qually preſſed in every Direction, (J. 8.) all 


therefore will remain at Reſt, and the Surface 


continue in that State. * 


VII. 


6 This Demonſtration, and alſo both the fore going, are 


founded upon a Suppoſition, that Bodies tend downwards by 


their Gravity in Lines parallel to each other, which though 
phyfically true, is not ſtrictly ſo, their Tendency being towards 
the Center of the Earth, and conſequently in Lines which meet 
in a Point: and therefore, if we would be accurate, the Fluid 
contained in a Veſſel ſnould be conſidered, as divided into Co- 
lumns and Strata, as repreſented Figure the ſecond, where ABD 
is the Earth, C its Center, EFH a Fluid contained in a Veſ- 
ſel, and divided into Columns, which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and into the concentric Strata, ab, cd, &c. having the Center 


of the Earth for the Center of their Convexity. And then we 


ſhould 


Ne 


— 


nn 


Chap. 1. among themſelver. 11 
VIII. Fluids gravitate in Fluids of the 


- 


This Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 


of the Particles of which Fluids conſiſt, vg. 


that they are ſolid, and endued with the ſame 


| Properties with other Bodies. The Reaſon 


why their Gravity is not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and / hinder them from deſcending. But, it 
does not follow from thence, that the Gravity 
of the uppermoſt is entirely taken away, as 
ſome * Philoſophers have imagined; for, as 


ſhould find that the Particles of the Fluid will not be in ZEqui- 
librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming: thereby 
the Surface EF, concentric to that of the Earth. For, ſup- 
poſing the Fluid EFG H continued down to C, fo as to fill the 
Space ECF; it is evident the Columns, into which the Fluid is 
divided, cannot be of equal Lengths, and therefore cannot be of 
an exact Counterpoiſe to each other, unleſs the Surface EF ig. a 
Portion of a Sphere, whoſe Center is C: but the Action of te 
Parts of the Fluid upon each other at the Surface, is the fame, 
whether the lower Part GCH be a Fluid, or not. Conſeqpenchy 
the Surfaces of Fluids are not level or plain, but convex, Aid 
the Center of the Earth for the Center of their Convexity. -*? 
This Convexity, by Reaſon of the great Diſtanee ef, the 
Earth's Center, approaches ſo near to a Plane, that in f 


Portions of it, the Difference is not ſenſible, and therefote in 


be neglected: but at Sea 'tis evident to Senſe; for when ihe 
Mariners put to Sea, the Shore firſt diſappears, , then the low 


Buildings, afterwards. the Towers, Mountains, Sc. in like 


Manner, when they approach a diſtant Ship, the Top of its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepied 
from their View, by the Convexity of the Water between them. 
This was the Notion of the Carteſans, who held, that 
when a Fluid is mixed with another of the ſame Kind, it loſes 
its own Weight thereby. | — 

| | much 


12 The Action of Fluids Part II. 
much as the lower Parts preſs againſt the upper 
in ſuſtaining them; juſt ſo much do the upper 
by their Re- action preſs upon the lower. Thus, 
the Weight of the whole Fluid is communi- 
cated to the Veſſel, which therefore weighs 
according to the Quantity it contains, notwith- 
ſtanding the Preſſure of each Portion of the 
Fluid, taken ſeparately, ſeems not to effect it. 
IX. The Preſſure of a Fluid is in Propor- 
tion to its perpendicular Height, and the Quan- 
tity of Surface againſt which it preſſes, 
- his Propoſition admits of four Caſes. 
When the Fluid is contained in a Veſ- 
ſel of the ſame Dimenſions, from Top to Bot- 
tom, and held in an erect Poſition, as that 
repreſented Fig. 1. it is evident, the Preſſure 
of the Fluid upon the Bottom w ill be in Pro- 
portion to its Magnitude, and the perpedicu- 
lar Height of the Surface of the Fluid above 
it. For, conceiving it divided into Columns, 
the Preſſure upon the Bottom, by the fourth 
Propoſition, will be as the Length or Height 
of the Columns: and it will alſo be as the 
Number of them, becauſe the Quantity of 
Fluid, which preſſes upon the Bottom, is in 
that Proportion, that is, as the Magnitude of 
the Bottom preſſed upon. But when the Veſ- 
jel is inclined or irregular, the Truth of this 
Propoſition i is 10 far from being evident, that 
it has been commonly looked _ as a Pa- 


radox. 
2, Let 


Ie 


* 


2. Let the Veſſel ABCD (Tig. 3.) be filled 
with a Fluid to the Height EF, and held in 


an inclined Poſition, as there repreſented; I 
ſay, the Preſſure of the Fluid is proportion- 
able to the Magnitude of the Baſe CD, and 
FG or HD the perpendicular Height of the 


Surface of the Fluid above it. 
For ſuppoſing the Fluid divided into the 


Strata EI, KM, LO, Sc. fo far, as the firſt 
Stratum ET is prevented from preſſing upon 


KI the Surface of the next inferior Stratum, 


by being in ſome Meaſure ſupported by the 
Side of the Veſſel FI, ſo far is its Preſſure 
augmented by the Re-action of the oppoſite 


Side EK upon it, which is exactly equal to 


the Action of the former, becauſe the Fluid 
preſſing every Way alike, at the ſame Depths 
below the Surface, exerts an equal Force a- 


gainſt both theſe Sides. The Surface there- 
fore of the ſecond Stratum is preſſed with the 
ſame Degree of Force with which it would be, 
if the Quantity of Fluid contained in the for- 
mer Stratum was included within the Space 
HK Ol, which is exactly equal to it, as having 
the ſame Baſe KI and the ſame perpendicular 
Height QI*. Now, this being true of each 
Stratum, their Preſſure upon CD the Baſe of 
the Veſſel is the ſame, as if they were all 
placed perpendicularly over it, and filled the 
Space RHCD; which they would do, ſince 
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14 The Action of Fluids Part II. 
the Sum of their perpendicular Height I, RS, 
LT and NV ate equal to HD the perpendicu- 
lar Height of this Space, and each of their Ba- 
ſes KI, LM, Sc. is equal to CD its Baſe f. 
But, by the foregoing Caſe, if the Space 
RHCD was filled with a Fluid, the Preſſure 
of it would be proportionable to the Dimen- 
ſtons of the Baſe CD, and the perpendicular 
Height DH, therefore it is the ſame in the in- 
clined Tube ABCD]. 

3. Let the Veſſel ABC be irregular, as 
repreſented Figure the fourth, and filled with 
a Fluid to the Height D, I fay, the Preſſure 
of the Fluid upon the Baſe C, is proportion- 
able to the Magnitude of the Baſe, and CD 
the perpendicular Height of the Surface of the 
Fluid above it. N : 


. 11: - | 

Perhaps it may be thought more Geometrical, to demon- 
ſtrate this Propoſition with the Generality of Authors from the 
Property of the inclined Plane. They conſider AD the lower 
Side of the Tube, as an inclined Plane, on which the Fluid 
contained within it reſts, and argue that it loſes thereby a Part 
of its Weight in Proportion to the Length of the Plane, and' 
therefore occaſions no greater Preſſure upon the Baſe, than if 
the Veſſel was held erect, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
proves too much, for by this Way of Reaſoning, one might 
ſhew, that the Preſſure of the Fluid EFCD upon the Baſe CD 
is leſs than the Preſſure of RHCD a Column of the ſame Fluid 
having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column contain 
the ſame Quantity of Fluid, upon Account of the Equality of 
their Baſes, and perpendicular Heights; but that reſts upon an 
inclined Plane which this does not, and therefore preſſes leſs 
upon the Baſe. But this is contrary both to Demonſtration and 
Experience, the Argument therefore proves too much. 3 


mm THO cons 


Chap. 1. among themſelves Ty 
In order that the Proof of this Propoſition 


may be the better underſtood; we muſt pre- 


_ miſe the following Lemma, viz. 


That when a Fluid paſſes tfirough a Pipe, 
as AB, (Fig. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force witii 
which it moves, is every where the ſame. For 
while the Fluid is paſſing tlirough the T ube, 
its Velocity in every Part will be reci 
as the Quantity of Matter; for Inſtance, ir will 
be as much greater at C, than it is at D; as 


: the Quantity paſſing through C at any Inſtant 
of Time is leſs than at D, and ſo of the reſts; 


becauſe a leſs: Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 


ſame Time, unleſs it ſhould move faſter there 


in Proportion to the ſmallneſs of them, Now 
the Momentum of Bodies is partly owing; to 
the Quantity of Matter, and partly to the Ve- 
locity; (as explained Part I. Chap. 9. G 1.) 
conſequently what the Fluid, which! is ads 
ly paſſing through the narrower Parts of the 
Tube, wants in Quantity, is compenſated: by 
its Velocity in thoſe Parts, and what it wants 
in Point of Velocity in the other Parts, 18 
made up by the Quantity paſſing through 


them; ſo that the Moment is the ſame in eve- 


ry Part of the Tube, whether larger or nar- 
rower *, The ſame is true, whateyer be the 
Poſition the Tube is held in. 


| Let 
„Thus, we may obſerve in a River or Canal, that by how 
much the Breadth or Depth. is * in any Part, ſo much the 
| more 


16 The. Adlion of Fluids Part II. 
Let us now conceive the Fluid in the 

Veſſel ABC (Fig. 4.) to be diſtinguiſhed in- 

to the Strata EF, GH, IK, Sc. Let us alſo. 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding up and 

down the narrow Part of the Veſſel, v. g. 
from C to GH, (without letting any 'of the 
Fluid run out). Let it further be ſuppoſed 

that this moveable Bottom is drawn up or let 

down with a given Velocity, while the Veſ- 

ſel itſelf is fixed and immoveable; it is evi- 

dent the lowermoſt Stratum, which is conti- 

guous to the Bottom, will be raiſed or let 

down with the ſame Velocity, and will there- 

by have a Moment proportionable to that 
Velocity and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 

Strata will have the fame Moment, conſe- 

quently the Moment of all taken together, 

(that is, of the whole Fluid,) is the ſame, as 

if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 

been as great as that of the lowermoſt); the 

Preſſure therefore, or Action of the Fluid, 

with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
n, that i is the perpendicular Height of the 


more rapid is the Stream in that Part; and on the contrary, 
where it is wider and deeper, the Motion of the Water is more. 
gentle and languid. So that the M ioment, with which it flows, 


Fluid, 


is the ſame in every Fart. 
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Chap. 1. among themſelves. 17 
Fluid, and the Magnitude of the lowermoſt 
Stratum, that is, the Bottom. . 
Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
filb'd with a Fluid to D; I ſay the Preſſure 
upon the Bottom BC, is proportionable to the 
Dimenſions of the Bottom, and to DE the. 
perpendicular Height of the Fluid, x 
For, if we ſuppoſe the Bottom moveable, 
as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stra- 
tum will be the ſame with that of the lower- 
moſt, by the Lemma; therefore the Moment 
of all taken together, is the ſame, as if the 
Veſſel had been no leſs in any one Part, than 
it is at the Bottom; conſequently the Preſſure 


is proportionable to the perpendicular Height, 
and the Magnitude of the Bottom. This Caſe 


1s the Converſe of the former *. | 
| From. 


* Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, &c. For from hence it 
follows, that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 
the other End with its Surface in the Reſervoir, Thus let 
ABC (Hg. 8.) repreſent a Reſervoir or Baſon of Water, DGE 
a Pipe laid from thence to E. If E the End of the Pipe is pla- 
ced above the Line ABF, the Level of the Water in the Re- 
ſervoir, the Water will run into the Pipe, till it riſes in the 

other End to F the Level with AB; at which Time the Water 

in the Pipe will be in Equilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 
Surface of the Water in the Reſervoir, it will continue to run 
out, till they are reduced to a Level. For, let GH be the low- 
eſt Part of the Pipe, then ſince F the perpendicular Height of 
the Fluid on one Side, is equal to B the perpendicular Height 
of the Fluid on the other, and GH, which (being the Place 
9 - where 


18 The Action of Fluids Part II. 
From hence it ſollows, that, if a Veſſel is 


made of ſuch a Form, as is repreſented (Fig. 7) 
by ABCDEFG, and filled with a Fluid to 


* Height C, the Weight which the Bottom 
ſuſtains, is as great as it would be, had the 
Veſſel been IKFG (which is every where of 
the ſame Dimenſions, that the other is of at 
the Bottom) and filled to the Top IK. Be- 
cauſe the Preſſure, by the Propoſition, is pro- 

tionable to the Bottom and perpendi- 
cular echt, hin in both Caſes are the 


Jae 7: 
X. The 


where the Fluids preſs, one e againſt another), may be conſider'd 
as a Baſe to both, is common; it follows from this Propoficion, 
that the Preſſures an each Side are exactly equal; and therefore 
being in contrary Directions will neceſſarily. deſtroy each other, 
and the Fluid will remain in Æquilibrio. But Chile the End 
E is below the Level, this Equilibrium cannot be obtained ; 
and therefore the Fluid will continue to run out. 

or the ſame Reaſon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain will 
ſtand at the ſame Level in all. 

** The Reaſon why the Veſſel ABCDEEG, with the Fluid 
contained in it, does not weigh ſo much, as the Veſſel IK FG, 
when full to che ſame Height, notwithſtandin the Preſſure up- 
on. the Bottom is the ſame in both, is, becauſs ABDE the. up- 
per Part, or Cover of the former Veſſel, is preſſed upwards by 
the Fluid below it, with a Force equal to the Endeavour the 
Fluid in the ſmall Tube BCD has to deſcend. . Which Endea- 
our is the ſame that it. would be, if the Tube BCD compre- 
pended alſo the two Spaces ICBA and CKED, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Cover 
therefore. is preſſed upwards with a Force equal to the Weight 

| of as much Fluid as would fill the two Spaces ICBA and 
KED; conſequently the Veſſel, whoſe Form is ABC DEF, 
4s ſo much lighter than the . that is, as much as the Fluid 
it contains 15 leſs, 


”* 


From 


Chap. I. among theinſelves. 19 
. Velocity, with which a Fluid ſpouts 
out at an Hole in the Bottom of a Veſlel, is 
equal to that, which a Body would acquire 
by falling freely from the Level of the Surface 
of the Fluid to the Hole. 

Let there be a large cyllndond Tube 
ABCD (Lig. 9.) in the upper Part of which 
let us imagine a Cylinder of Ice FGHI ex- 
actly fitting it; let it further be ſuppoſed, that 
HI, the lower Surface of the Ice, is continually 
melting g, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
ceſſarily be ſuch, as is repreſented in the Fi- 
gure by HLI; for the Water falling freely 
will deſcend faſter and faiter like other Bodies, 
cauſing thereby the Stream to become nar- 
rower and narrower. Now, let it be ſuppo- 
ſed, that the Tube has a Bottom as CD, with 
an Hole in it at K, juſt ſufficient to let the 
Stream paſs freely; it is evident, there will be 
no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, * the leaſt Quantity of 
Fluid may be made to raiſe auy Weight how great ſoever 
it be. 

For ſince the Cover AB DE is preſſed apwards with a Force 
equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
at Pleaſure in Height, by lengthening the Tube BCD (which 
at the ſame Time muſt be — proportionably ſmaller, other- 
wiſe the ſame Quantity of Fluid will not fill it;) it follows, 
that the ſame Quantity of Fluid may be made to preſs the Co- 
ver upwards with a given Force; if that Cover then is made 


moveable, any Weight that is laid e it may be ſupported 
thereby. 
G Fluid 
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20 The Action of Fluids Part II. 
Fluid will paſs through the Hole with ſuch 
Velocity, as it naturally acquires by falling 
from HI, the lower Surface of the Tce. And 
if we ſuppoſe M and N, the empty Parts of 
the Tube, to be filled with Water, the Water 
will preſs equally upon the Sides of the Stream 
in every Direction (5. 6.) and therefore will 
be no Impediment to its Motion on that Ac- 
— — Laſtly, let us ſuppoſe the Ice taken a- 
, and the Stream ſupplied from the Wa- 
bes at the Sides, as is the Caſe when a Fluid 
runs out through the Bottom of a Veſſel; then 
will the Velocity, with which the Water flows 
through the Hole, continue the ſame ; for fo 
far as the Water coming from the Sides, en- 
deavours to deſcend itfelf, fo far it obſtructs 
the Deſcent of the Stream, and no farther; 
and conſequently cauſes no Alteration in the 
Velocity or Quantity of Fluid running out. 
The Velocity therefore, with which the Fluid 
paſſes through the Hole, is equal to that, 
which a Body would acquire by falling freely 
from the e of the Surface of the Fluid 
to that Place. 5 
If the Hole is made in the Side of the 
Veſſel at the ſame Diſtance below the Sur- 
face, the Velocity will be the ſame, on Ac- 
count of that equal Tendency Fluids have to 


| every Way alike*. XL Th 
e 


5 en this Principle is founded the Practice of . 

artificial Fountains, For if to a Veſſel or Reſervoir ABC 

Fig. * filled with a Fluid to the Height EF, be * 
1pe 
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XI. The Velocity, with which a Fluid 
ſpouts out from the Bottom or Side of a Veſ- 
ſel, is as the ſquare Root of the Height of its 
Surface above the Hole *. 
The Cauſe, why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
ſel, is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whence it 
ſhould ſeem, that the Velocity ought to be 
as the Preſſure; but if ſo, then the Quantity 


Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 
ſuch a Velocity, as a Body would acquire by falling from FL 
the Leyel of the Surface to the Aperture at K, that is, ſuch as 
will carry it from the Aperture to the Level; becauſe that 
Velocity which a Body acquires by falling from a certain 
Height, is ſufficient to carry it back to the ſame Height from 
whence it fell. | 

But in Practice the Height the Fluid riſes to, is leſs than 
that of the Level of its Surface in the Reſervoir: this is ow- 
ing to the Reſiſtance it meets with from the Air, its Friction 
againſt the Sides of the Pipe, &c. It is found impoſſible to 
make it much exceed the Height of an hundred Feet : For, 
when it ſpouts out of the Aperture with a Velocity neceſ- 
ſary to carry it higher, the Stream is immediately daſhed 
to Pieces by the Reſiſtance of the Air; whereby it loſes 
| » _— and is prevented from riſing to any conſiderable 

eight. | 

* This Propoſition may be otherwiſe demonſtrated from 
the laſt, in the following Manner. For, ſince the Velocity 
with which a Fluid ſpouts out through an Hole in the Bot- 
tom or Side of a Veſſel, is equal to that which a Body would 
acquire by falling from the Level of the Surface of the Fluid 
to the Hole, and the Velocities Bodies acquire by falling are 

as the ſquare Roots of the Heights they fall from (Part I. 
Chap. 5. F. 5) it follows, that the Velocity, with which a 
Fluid ſpouts out from an Hole in the Bottom or Side of a Veſ- 
ſel, is as the ſquare Root of the Height of the Level of the 
Surface of the Fluid above the Hole. | 

C 2 1 run 


22 The Aclion of Fluids Part II. 
run out would alſo be as the Preſſure (for 
the faſter the Liquor flows, the greater is the 
Quantity thrown out in a given Time, and 
vice verſa) conſequently, upon this Sup 
ſition we ſhould have two Effects, each de- 
pending on the ſame Cauſe and equal to it, 
which is abſurd. *Tis not then the Quantity 
of Fluid run out, nor the Velocity with which 
it flows, but its Moment, or both theſe mul- 
tiplicd together, (Part I. Ch. 9. F. 1.) that is 
the true and adequate Effect of the Preſſure. 
Now theſe being ever in the fame Ratio, 
with each other, "tis neceſſary, in Order that 
the Effect may be proportionable to its Cauſe, 
that each of them be only as the ſquare Root 
of the Preſſure: For then, being multiplied 
together, their Product, or the Moment of the 
ſpouting Fluid, is adequately as the Preſſure 
which occaſions it; but the Preſſure is as the 
perpendicular Height (F. 4.) therefore the Ve- 
locity, and alio the Quantity of Fluid ſpout- 
ing out, is only as the ſquare Root of the 
Heig ht of its Surface above the Hole, 
To gire an Inſtance or two; ſuppoſe two 
Holes made in the Side of a Veſſel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches; the Velocity with which 
the Liquor flows out 'of the lower Hole, will 
not be four Times as great, as that with which 
it flows through the upper, notwithſtanding 
the Preſſure is four Times greater: For if it 
ſhould, the — ty run out in a given Time 
| would 


Oe OP eqs,» + 
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would alſo be four Times greater, conſequent- 
ly the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, that is, 
four Times greater than the Cauſe ; which is 
abſurd. Whereas the Velocity and Quantity 
of Matter will cach be only twice as great as 
they are above, producing thereby a Force or 
Moment only four Times as great, which is 
proportionable to the Cauſe. So, if an Hole 
were made ſixteen Times lower than the firſt, 
the Velocity and Quantity of Matter will not 
be each ſixteen Times greater than at the 


other, but only four Times greater apiece, and 


ſo the Moment ſixteen Times greater, as the 
Preſſure is *. ; 


XII. When 


* From hence, we may ſee the Error ſome of the foreign 
Mathematicians have fallen into with Regard to the Forces 


of moving Bodies, who contend that they are as the Squares 


of the Velocities multiplied by the Quantities of Matter. 
For, from this Propoſition it is, that one of the principal Ar- 
guments brought in Favour of this Opinion is derived. They 


argue thus, Efects are ever proportionable to their Cauſes, 


the Preſſure of the incumbent Fluid is the Cauſe of its ſpout- 
ing out, the Force with which it ſpouts out, is the Effect; 


but by this Propoſition the Preſſure is as the Square of the 


Velocity it flows with, therefore the Force is likewiſe as the 
Square of the Velocity. True, it is fo ; but let us ſee the Con- 
ſequence. The Force, with which the Fluid ſpouts out is 
not only owing to the Velocity, but alſo to the Quantity run out 
in a given Time. They have each their Share in producing 
the Force, conſequently the Force is in a Ratio compound- 
ed cf both, or as the Product of one multiplied by the 
other, or, which comes to the ſame Thing, (ſince as was 
obſerved before, they are in the ſame Ratio with each other) 
as the Square of either of them. From hence it is that the 
Forces of Fluids in Motion are ſaid to be as the Squares 
of their Velocities ; not that they are ſo in Virtue of thoſe 
| | | Velocities 
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XII. When a Current of Water, or other 
Fluid, falls perpendicularly upon the Surface 
of a Plane, or — againſt it, (as the Wind 
againſt the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, is equal 
to the Weight of a Column of the ſame Fluid, 
whoſe Baſe is equal to the Plane, and its 
Height ſuch, that a Body falling freely through 
it would acquire a Degree of Velocity equal 
to that with which the Fluid moves.“. 
In Order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel ABCD (Fig. 11.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated {. 10.) 


Velocities, as ſuch, but in Virtue of them, and the Quanti- 
ties of Matter taken together, or becauſe the Squares of the 
Velocities is the ſame Thing with the ſimple Velocities mul- 
tiplied by the Quantities of Matter. Therefore when it 
is ſaid, the Forces of Fluids are as the Squares of the Ve- 
locities, that Part of the Force which ariſes from the Quan- 
tity of Matter is really taken into Conſideration. How ri- 
diculous then muſt it be in thoſe Gentlemen to fetch an 
Argument from hence to prove, that the Forces of Bodies in 
Motion are as the Squares of the Velocities and Quantities of 
Matter too, when they are as the Squares of the Velocities, 
only becauſe the Quantities of Matter are implied in them ? 
From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind or 
Water, c. See an Inftance of ſuch a Calculation in the Me- 
moirs of the Royal Academy of Sciences for the the Year 1725. 
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Chap. 1. among themſelves. 25 
In the midſt of this Hole, and conſequently 
in the Stream, let us ſuppoſe a Plane as PM 
ſuſpended, but ſomewhat leſs than is fufficient 
to fill the Hole, left it ſtop the Current of 
the Water. Now, tis certain, this Plane ſup- 
ports a Column of the Fluid, equal to that 
which preſſes upon any other Part of the Bot- 
tom of the Veſſel of equal Dimenſions with 
itſelf (for being thus placed it may be look- 
ed upon as a Part of the Bottom) but every 


Part bears a Column, whoſe Baſe is equal to 


its own Dimenſions, and its Height the fame 


with that of the Surface of the Fluid in the 


Veſſel : Conſequently this Plane ſupports ſuch 
a Column, that is, it is reſiſted by the Stream 
with a Force equal to the Weight of a Co- 
lumn, whoſe Baſe has the ſame Dimenſions 
with itſelf, and whoſe Height is equal to that 
of the Surface of the Fluid in the Veſſel, that 


is, ſach an Height as a Body by falling freely 


from, would acquire a Velocity equal to that 


with which the Fluid moves. 


XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, Sc. is equal to the 
Weight of a Column of the tame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is 
below the Surface of the Fluid, and whoſe 
Height is equal to half the Depth of the 
Fluid.“ 3 an. 

If 


From hence we ſee the Reafon, why the Water of the Sea 
or great Lakes is as eaſily kept within their Banks (ſetting 


aſide the Force which ariſes from the Motion of the Waves, 


Ee. 
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If the Preſſure upon every Part of the Bank 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank 
as is under the Surface of the Fluid, and 
which has the whole Depth of the Fluid for 
its Height ; for the Preſſure upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whoſe Baſe correſponds 
to the Part preſſed upon, and whoſe Height is 
that of the Depth of the Fluid; conſcquent- 
ly if the Preſſure was the ſame every where 
from Top to Bottom, it would be equal to 
the Weight of as many ſuch Columns as would 
anſwer to all the Parts of the Bank: But the 
Preſſure every where diminiſhes in Proportion 
as we approach the Top, where it is Nothing ; 
it is therefore but Half what it would be in 
the other Caſe ; from whence the Propoſition 
is clear. 


c.) as that of the narroweſt Canal, viz. becauſe the Preſſure 
of Fluids is not in Proportion to their Surfaces, but their 
Depths, and the Surfaces they preſs againſt. 

* Becauſe the Sum of a Number of Terms in Arithmetical 
Progreſſion beginning from Nothing, is half the Sum of an 
equal Number of Terms, each of which is equal to the laſt in 
the Progreſſion. | | 
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of the Effefts Fluid; Lane. 071 wy 


immerſed therein. | 


I. THE gpecifc Gravity of a Body ; that, 
N by which it is ſaid to be heavier, or 
| lshar than another of a different Kind: Thus 
Lead is faid to be ſpecifically heavier than 
Cork; becauſe ſuppoſing an equal Bulk of 
each, the one would be heavier than the other: 
From hence it follows, that a Body, ſpecifi- 
cally heavier than another, is alſo more denſe, 
that 1s, contains a greater Quantity of Marte 
under the ſame Bulk, becauſe Bodies weigl 
in Proportion to the 277 5 of Matter e 
contain (Part I. CFH Sos a 
II. If a Solid be akerſed in a Fluid of 
the ſame ſpecific Gravity with itſelf, it will 
remain ſuſpended therein, in whatever Putt 
of the Fluid it is put. 
Let the Body FGHT . 12 1 be. 1 
merſed in the Flad ABCD tothe 503 th. IN 
or any other whatever; FT fay, 1t will Tea 
in the ſame Part of the Fluid, when left to it= 
ſelf, without either riſing towards the Surface, | 
or ſinking towards the Bottom. 
For, the Body being (by the Suppoſition) + 
equal Gravity with the Fluid, the Weight of 
the Column K.LHI, which conſiſts 1 of 
, Fluid, 
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Fluid, and partly of the Body, is the ſame as 
if it had been all Fluid; conſequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed 
with the ſame Degree of Force, that any other 
Part of the fame Dimenſions is, and there- 
fore the whole Column KLHI will be ſup- 

rted in its Place. Now, the ſame being 
true of the Column KLHI, whatever be its 
Length, tis evident the Body will be ſuſpend- 
ed in its Place at any Depth. 

III. But, if the Body is ſpecifically heavier 
than the Fluid, in which it is immerſed, it 
will ſubſide to the Bottom: For then, in what- 


ever Part of the Fluid it is put, the Column 
'KLHI will always be heavier than an cqual 


Column, that conſiſts all of Fluid; conſequent- 
ly HI, that Part of the Stratum MN, which 


lies immediately under the Body, will ſuffer 


a greater Preſſure, than any other Part of the 


fe Dimenſions; and therefore will give way, 


and permit the Body to ſubſide naa, 
till it reaches the Bottom. 

IV. On the contrary, if the Body i is ſpeci- 
fically lighter than the Fluid, it will rife, to 


the Top, in what Part of the Fluid ſoever it 


is put. For then, the Column KLHI will 
always be lighter than an equal Column 
which is all Fluid; conſequently H will be 


leſs preſſed downwards, than any other Part 


of the ſame Stratum of equal Dimenſions, and 


will 


Chap. 2. upon Solide. 29 


will therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 
V. A Body, being laid on the Surface of 
a Fluid ſpecifically heavier than itſelf, ſinks 
into it, till the immerſed Part takes up the 
Place of a Quantity of Fluid, whoſe Weight 
is equal to that of the whole Body. 9 

Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, 
it will fink into it, till the immerſed Part 
IKGH takes up the Place of ſo much Fluid 
as is equal to it in Weight. For, in that Caſe, 
GH, that Part of the Surface of the Stratum 
upon which the Body reſts, is preſſed with 
the ſame Degree of Force, as it would be, 
was the Space IKGH full of the Fluid ; that 
is, all the Parts of that Stratum are preſſed _ 
alike, and therefore the Body, after having 
ſunk ſo far into the Fluid, is in AÆquilibria 
with it, and will remain at Reſt. 

From hence it follows, that a Body is as. 
much ſpecifically lighter, than the Fluid on 
which it floats, as the immerſed Part is leſs 
than the Whole. For, by how much the leſs 
the immerſed Part is, fo much the leſs Fluid 
is equal in Weight to the whole Body; that 
is, the Body is ſo much the lighter. in Reſpect 
of the Fluid. Ard, if the ſame Body be made 
to float ſucceſſively in Fluids, whoſe ſpecific 
Gravities differ among themſelves, (but all ex- 
ceed that of the ST, the lighter the Fluids 

2 are 
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are, ſo much greater will be the Part im- 
merſed*, _ 

VI. A Body, ſuſpended in a Fluid ſpeci- 
fically lighter than itielf, loſes a Part of its 
Weizht (or rather communicates it to the 
Fluid) equal to that of a Quantity of Fluid of 
the ſame Bulk. 

Let us, inftead of ſuppoſing the Body ſuſ- 
pended in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now tis 
evident, this being of the fame ſpecific Gra- 
vity with the circumyacent Fluid, will be en- 
tirely ſupported by it, or, if we ſuppoſe the 
Body to be of. the ſame ſpecific Gravity with 
the Fluid, it will be wholly ſuſpended by it; 
we ſee therefore the Preſſure of the circum- 
ambient Fluid, whereby it endeavours to buoy 
up the Body, is equivalent to the Weight of 
ſo much Fluid, as would fill the Place the 
Body takes up. But, fince the Flyid preſſes 
ee on the Surface of the Body ie Preſ- 
ſure is the ſame, whatever be the eite Gra- 
vity of the Body; ; the Body therefore loſes ſo 
much of its Weight, as the Fluid would natu- 
rally buoy up; that is, ſo much, as is the Weight 
of a Quantity of Fluid of the ſame Bulk. 


„This Phanomenon is what gave riſe to the Hydrome- 
ter, an Inſtrument of great Uſe in aſcertaining the Genuineſs 
of Liquors; for it Tarely bappens, that the adulterated and 
the genuine Liquor (however they may agree in ONE 
2re of the ſame ROE ay A 


T his 
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This Propoſition affords us a Method of 
determining the Relation, which the ſpecific 
Gravities of Bodies, whether Fluid or Solid, 
bear to each other. For, whereas by weigh- 
ing a Solid in a Fluid ſpecifically lighter than 
itſelf, we find the abſolute Weight of a Quan=, 
tity of the Fluid equal to it in Bulk (viz, the 
Weight the Solid loſes) the Relation, that 
Weight bears to the Weight of the Solid, is 
the Relation of their ſpecihc Gravities ; be- 
cauſe the Weights of Bodies, whoſe Bulks 
are equal, are as their ſpecific Gravities : con- 
ſequently, if the ſame Solid is weighed ſuc- 
ceſſively in different Fluids (all lighter than 
itſelf) we gain the Relation, which the ſpe- 
cific Gravity of each bears to that of the So- 
lid, and therefore to one another. Again, 
if different Solids are weighed in the ſame 
Fluid, the Relation, which the ſpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alſo the ſpecific Gravities of the So- 
lids among themſclves*. . | 
CHAT 


Upon this is founded the Uſe of the Hydroſtatical Ba- 
lance for determining the ſpeciſic Gravities both of Solids:and 
Fluids. The PraQtice is thus. Firſt, let the Solid be weigh- 
ed in Air, that is, out of the Fluid; afterwards in it (this ought 
to be done. by ſuſpending it at one End of the Balance by a 
String, that is as nearly of the ſame ſpecific Gravity with the 
Fluid made Uſe of as poflible, and letting it fink into the Fluid 
till it is wholly immerſed below the Surface; if the Fluid 
is Water, an Horſe-Hair is moſt convenient to hang the Body 
at the End of the Balance by) then ſubſtract its Weight in the 
Fluid from its Weight in Air, the Difference is what it loſes — 
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= Of the Air. Part II. 


CHAP. III. 
"RE. 


I. H A T Part of Natural Philoſophy, 


which treats of the Properties of the 
Air, and the Effects of its Preſſure and Elaſ- 
ticity, is called Pnenmatics. 5 - 
II. Air is a thin tranſparent elaftic Fluid ſur- 
rounding the Earth to a certain Height, and 
taken all together, is called the Atmoſphere. 
III. That Air is a Fluid, is evident from 
the eaſy Paſſage it affords to Bodies moving 
in it: For this ſhews it to be a Body, whoſe 
Parts eaſily yield to a Preſſure, that is greater 
on one Side than on the other, which is the 
Definition of a Fluid. _ 
TV. Air gravitates towards the Earth, or is 
heavy like other Bodies. 
To prove this, we have Abundance of Ar- 
uments both from Senſe and Experiment. 
Thus, when the Hand is applied to the Ori- 
fice of a Veſlel, it readily perceives the Weight 
of the incumbent Atmoſphere, as ſoon as the 


the Fluid. This done, ſay, by the Rule of Proportion, as the 
Weight loſt in the Fluid is to its Weight in Air, ſo is Unity, 
or any Number taken at Pleaſure, to a Fourth, which by its 
Relation to the former, will expreſs the Relation of ſpe- 
cific Gravity of the Solid to that of the Fluid. Thus, the Re- 
lation, which the ſpecific Gravity of the ſame Fluid bears to that 


af various Solids, or of the ſame Solid to that of various F luids, 


and conſequently the Relation of the ſpecific Gravities of all 
among themſelves may be cbtained, 1 
| Air 
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Air included in the Veſſel begins to be drawn 
cout. Thus, Glaſs-Veſſels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Preſs 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air with= 
out. When the Air is exhauſted out of a 
Veſſel, the Veſſel weighs lefs than before. 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subject“. 
V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſlel of 
the ſame Fluid: For then the Mercury will 
run down the Tube, till its Surface is fallen 
to the perpendicular Height of about twen= 
ty nine or thirty Inches above the Surface of 
the Mercury in the Veſſel, and no further: 
if the ſame Experiment 1s made with Water, 
the Surface of it will ſtand at about the Height 
of thirty two Feet above the Surface of that 
in the Veſſel; the Column of Mercury in 
one Caſe, and 'the Column of Water in the 
other, exactly balancing the Weight of a Co- 
lumn of Air, which reaches to the Top of the 
Atmoſphere, and preſſes upon the Surface of 
the Fluid in the Veſſels. This is what is 
called the Torricellian Experiment, from Tox- 
RICELLI the Inventor, and is the ſame with 
the common Barometer. | 
£ + See * 5 rng, or Graveſend Lib. II. P. HI. 
From 
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35 4 | Of the Mir: "I Part II. 
re hence it follows (Chap. I. F. 9.) 


that” all Bodies, at the Surface of the Earth, 


Taftain as great a Weight from the Preſſure 
of the Air, as is that of a Column of Water, 
whoſe Height i is thirty two Feet, and its Baſe 


Equal to the Surface of the Body preſſed 


üponk. 

VI. Tbat the Suſpenſion. of the Mercury 
in the Barometer depends on the Preſſure of 
the external Air, is beyond all doubt; for if 
the Barometer is included in the Air-Pump, 
the Mercury falls in the Tube, in Proportion 
as the Air is exhauſted out of the Receiver; 
and if the Air is let in again gradually, the 
Mercury reaſcends proportionably, till it reach- 
es its former Height. 

VII. That the Atmoſphere i is extended to 
a determinate Height, appears from hence; 
2s. that when the Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter; 


which is, becauſe a ſhorter Column of Air 


"'® The Preſſure of the Atmoſphere upon every ſquare Inch, 
near the Surface of the Earth, is about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Height 
is thirty Inches and its Baſe one ſquare Inch. For, . ſuch a 
Column of Mercury would weigh about fifteen Pounds. The 
Weight of the Atmoſphere therefore, which preſſes upon a Man's 
Body, is equal to ſo many Times fifteen Pounds, as the Surface 
of his Body contains ſquare Inches. 

The Reaſon, why a Perſon ſuffers no 3 from ſo 

reat a Preſſure, is owing to the Air included within the Pores 
and Fluids of the Body, which by its Reaction is a PETE 
to the Preſſure of the external Air. 


preſſes 
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preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmoſ- 
phere. 

VIII. The Elaſticity of the Air is that Pro- 
perty by which it contracts itſelf into leſs 
Space, when an additional Preſſure is laid up- 
on it; and recovers its former Dimenſions, 
when the Preſſure is taken off. This is ac- 


counted its diſtinguiſning Property, all the reſt 


beine common to it with other Fluids. 
Of this we have numerous Proofs. Thus, 


2 Bladder full of Air being compreſſed by the 


Hand, the included Air gives way ; but when 


the Preſſure i is taken off, the Air expands it- 
ſelf, and readily fills up the Cavity, or Im- 


preſſion made in the Surface of the Bladder. 
And, if a larger Quantity of Air, than is na- 
turally preſſed into a Veſſel by the Weight of 


the incumbent Atmoſphere, is forced into it 


by the Condenſer (an Engine for that purpoſe) 


and if that Air is afterwards let out by open- 


ing the Veſſel, the Remainder is found to be 
of the ſame Weight as at firſt; from whence 
it follows, that the Air, by means of its Elaſ- 
ticity or Spring, drives out all that which was 


forced in by the Condenſer, recovers its for- 


mer Dimenſions, and fills the Veſſel as before; 


| IX. From hence, together with what has 
been obſerved about the Preſſure of the At- 


moſphere; it follows, that the Air near the 
Surface of the Earth, is comprefſed into a 
much narrower Space by the 2 of the 
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Air above, than that which it would natu- 
rally take up, was it free from that Preſ- 


ſure; accordingly it is found by Experiment, 


that, hen the Preſſure of the Atmoiphere is 
ben off from any Portion of the Air, it imme- 
diately expands itſelf into a vaſt Extent. Hence 


it is, that thin Glaſs Bubbles or Bladders filled 


with Air, being included in the Receiver ot 
the Air-Pump, are broke in Pieces by the 
Spring of the Air, which they contain within 
them, when the Preſſure of the external Air 
is taken off. Thus, a Bladder quite flaccid, 
containing only a ſmall Quantity of Air in it, 
ſwells upon the Removal of the external Air, 
and appears diſtended, as if it contained as great 
a Quantity as poſſible. The ſame Effect is found 
in carrying a Bladder ſomewhat flaccid to a 


more elevated Place, for there the external 
Preſſure being leſs, the Air included in the 
Bladder is in tome Meaſure free from the Preſ- 


ſure of the Atmoſphere ; it therefore dilates it- 
ſelf, and diſtends the Bladder as in the former 


| Cale. 


X. It 1s found by Experiment, that the 


| Quantity of Space into which Air may be 


contracted by Preſſure, is reciprocally propor- 
tionable to the compreſſing Force. From 
whence it follows, that the Denfity of the Air 
is proportionable to the Preſſure which it ſuſ⸗ 


tains; becauſe the leſs the Space is, into which 


a given Quantity of it is contracted, the den- 


ay it is. As to the u Degrees af "= 
ion 
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ſion and Contraction, which the Air is capa- 
ble of, they are as yet unknown. In ſeveral 
Experiments made by Mr. BorTLE, Air in its 
natural State, that is, preſſed only with the 
Weight of the incumbent Atmoſphere, dilated 
itſelf, when that Preſſure was taken off, into 
more than thirteen thouſand Times the Space 
it took up before. And, he was able ſo far 
to compreſs it, that it mould take up more than 
five hundred and twenty thouſand Times leſs 
Space than that, into which it would dilate 
itſelf, when free from its Preſſure , 
XI. From this Property it follows, that 
the. Air in the inferior Parts of the Atmos 
ere is more denſe, than that, which is at 
great Heights in the lame; 30 that the Den- 
ſity of the Air decreaſes continually, as we 
approach the Top of the Atmoſphere. For the 
Denſity of the Air is Propan e to the Force 


* See Bayles TraQs 4 Experiments on the Spring and 
Preſſure of the Air. 

Various have been the Opinions of Philoſophers concerning 
the Cauſe of this prodigious Spring in the Particles of Air; ſome 
holding it to depend on their Fi igure, which they ſuppoſe to re- 
ſemble in ſome Manner little Bundles of Twigs or the Branches 
of Trees; ſome think them like Fleeces of Wool, others con- 
ceive them as rolled up like Hoops, or the Springs of Watches, 
and endeavouring to expand themſelves by Virtue of their. Tex- 
ture. But Sir Jaac Newton is of Opinion, that ſuch a Texture 
is by no Means ſufficient to account for that vaſt Power of Ex- 
panſion obſerved above; but that each Particle is endued with 
2 repelling Force which encreaſes as they approach one ano- 
ther, and accordingly keeps them aſunder at Diſtances reci- 
procally proportionable to the Preſſure they ſuſtain. 8 

See Hales's Static Eſſays. Vol. I. Chap. 6. 
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38 Of the Air, 


with which it is compreſſed, and that Force 
continually decreaſes, as we approach the Top. 

Was the Denſity of the Atmoſphere every 
where the ſame as it is near the Surface of the 
Earth, its Height (as is computed from the 


Quantity of Preſſure it exerts in raiſing the 


Mercury in the Barometer) would be about 
five Miles. But whereas its Denſity continually 


decreaſes, as we approach the Top, and it is 
uncertain how far the Particles may expand 
'themſelves, where there is little or no Preſſure, 


the true Height cannot be obtained. It is com- 
puted to continue of a ſenſible Denſity to the 
Height of about forty five, or fifty Miles. 

XII. The Elaſticity of the Air produces the 
fame Effects with its Preſſure. 

For, Action being equal to Reaction, the 
Dove, which. the Spring of the Air cxerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it 1s compreſſed ; juſt as it 
is in the Spring of a Watch, which exerts no 


Force, but in Proportion as it is wound up; 
| conſequently a Quantity of Air in ſuch a State 


of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmoſ- 
phere, exerts a Force equal to that Weight. 
If a Quantity of Air therefore is included in a 
Veſſel, and is of the fame Denſity with the 
circumambicnt Air, its Preſſure againſt the 
Sides of the Veſſel is equal to the Weight of 
the Atmoſphere. Thus, Mercury is ſuſtained 
to the ſame —_ by the elaſtic Force of Air 

included 
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included in a Glaſs Veſſel, no Way communi- 
cating with the external Air, as by the Weight 


a. 


of the Atmoſphere itſelf. 
XIII. The Elaſticity of the Air is augment- 
ed by Heat and diminiſhed by Cold. For if 
a Bladder, which is about half filled with Air, 
is laid before the Fire, it will, when it is ſuf- 
ficiently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire imme- 
diately burſt with great Violence by the aug- 
mented Spring of the included Air. IL 
XIV. The Denſity of the Air thus conti- 
nually varying, according to the different De- 
grees of Heat and Cold, to which it is expoſed, 
makes it difficult to aſcertain its true ſpecific 
Gravity. R1cc10LUS eſtimates it to be to that 
of Water, as one to a Thouſand: MeRSENNUS, - 
as one to one Thouſand three Hundred : Mr. 


* This Property is found in all Bodies both Solid and 
Fluid, but in a much leſs Degree, than it is in Air. Thus, 
if a Flask be filled with Water, only to the lower Part of 
the Neck, and is then ſet upon the Fire, the Water, when it 
begins to grow warm, will riſe into the Neck, and continue 
to aſcend, as the Heat is increaſed, And when a Wire or 
Bar of Iron is heated, it is augmented both in Length and 
Diameter. : | | „ | 
| Upon this Property depends the Phznomena of the Ther- 

mometer, which is a Glaſs Bubble with a ſmall hollow Stem 
arifing from it. This Bubble and Part of the Stem is uſually 
filled with Mercury, or Spirit of Wine, which will rife or 
fall in the Stem, as they are affected by the Heat or Cold 
of the external Air. If a ſufficient Degree of Heat is ſud- 
denly applied to this Inſtrument, the Liquor is obſerved to 
deſcend a little before it riſes, becauſe the Glaſs diſtending it- 
| ſelf, the Capacity of the Bubble is augmented, before the in- 
cluded Liquor is affected by the Heat. 


BorLE, 
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Bor LE, by more accurate Experiments, found 
it to be, as one to nine Hundred and Thirty 
eight; and thinks, that all Things conſider'd, 
the Proportion of one to a Thouſand may be 
taken as a Medium; for there is no fixing any 
preciſe Proportion, becauſe not only the Ipeci- 
fic Gravity of Air, but that of Water alſo, 
continually varying. However, by ſome Pr. 
riments made ſince with more Accuracy 
before the Royal Society, the Proportion has 
been fixed at about one to eight Hundred and 
Eighty. 
XV. Air is neceſſary for the Preſervation of 
Animal and Vegetable Life: neither will Fire 
ſubſiſt without it. The Reaſon of this is as 
yet unknown to Philoſophers. Mr. HALES 
by ſeveral curious Experiments in his Statical 


Eſſays makes it probable, that tis owing to its 
Ry" 


C HA P. IV. 
Of the Reſiſtance of Fluids. 


= Hp E Reſiſtance a Body meets with in 
moving through a Fluid, is of three 
Kinds. The firſt ariſes from the Friction of 
the Body againſt the Particles of the Fluid; 

the ſecond from their Coheſion or T enacity 


« See his Analyſis - it. Statical Eſſays. Vol. I. Chap. 6. 
| among 
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among themſelves; the third, from their In- 


activity, or the Tendency they have in com- 
mon with other Bodies, to keep the Places 
they poſſeſs, 


The firſt, vg. that which ariſes 555 the | 
Friction of the Body againſt the Particles of 


the Fluid, is very inconſiderable; for what- 
ever the Weight is, which preſſes the Particles 
of a Fluid together, the Freedom, with which 
a Body moves through it, is not ſenſibly di- 


miniſhed thereby. As was obſerved Chap. I. 7 


(. 2. in the Notes. 
The ſecond, or that which ariſes from the 
Tenacity of che Particles of the Fluid, is as 


f the TI ime the _ continues 1 it: - 
Thus, : 


* We have a very curious Argument in 8 of this, 
and which at the ſame Time illuſtrates the Manner in which a 


Body makes its Way through a tenacions Fluid, by Sir 1/aac 


Newton himſelf, in a Poſtſcript to a Letter in the Philoſophical 
Tranſactions No. 371. It is as follows. * Suppoſe Pieces of 
fine Silk, or the like thin Subſtance, extended in parallel 
Planes, and fixed at ſmall Diſtances from each other. Suppoſe 
then a Globe to ſtrike perpendicularly againſt the Middle of 
the outermoſt of the Silks, and by breaking through them to 
loſe Part of its Motion. If the Pieces of Silk be of equal. 
Strength, the ſame Degree of Force will be required to break 


each of them; but the Time, in which each Piece of Silk re- 


Loſs of Motion in the Globe conſequent upon its breaking 
through each Silk, and ſurmounting the Reſiſtance thereof 
will be proportional to the Time in which the Silk oppoſes it- 
ſelf to the Globe's Motion; inſomuch that the Globe by the 
Reſiſtance of any one Piece of Silk, will loſe ſo much leſs of 
its Motion as-it is ſwifter. Hut on the other Hand, by how 


o 
c 
« ſiſts, will be ſo much hotter as the Globe is ſwifter ; and the 
6 
6 
cs 
C- 
0 
much ſwifter the Globe moves, ſo many more of the Silks it 


will break through in a given Space of Time; whence the 


Number 


—— Oe 


1 
1 
7 
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Thus, ſuppole a Body continues to move 
within a Fluid for the Space of one Hour; if 
its Motion be very quick during that Time, it 
then moves a great Way in that Fluid, and 
conſequently meets with a great deal of the 
Fluid to reſiſt it; but is reſiſted the leſs in 
each Part thereof in Proportion to the Stay it 
makes there: whereas, if its Motion be ſlow, 
it then moves but a little Way in that Time, 
but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or ſlow, the Reſiſtance it ſuffers is the 
| fame; and depends therefore on Nothing but 
the Time we {uppoſe it to continue moving. 
within the Fluid. This Species.of Reſiſtance 
is alſo very ſmall, except in glutinous and 
viſcid Fluids, whoſe Parts are not eaſily ſe- 
parated. Fe 
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Number of the Silks, which oppoſe themſelves to the Mo- 
tion of the Globe in a given Time, being reciprocally pro- 
portional to the Effect of each Silk upon the Globe, the Re- 
£ ſiſtance made to the Globe by theſe Silks, or the Loſs of 
Motion the Globe undergoes by them in a given Time, will 
be always the ſame. | 5 8 85 
Now if the Tenacity of the Parts of Fluids obſerves the 

© {ame Rule, as the Coheſion of the Parts of theſe Silks ; name- 
© ly, that a certain Degree of Force is required to ſeparate and 

diſunite the adhering Particles, the Reſiſtance ariſing from the 
« Tenacity of Fluids muſt obſerve the ſame Rule, as the Re- 
c ſiſtance of the Silks ; and therefore in a given Time the Loſs 
of Motion, a Body undergoes in a Fluid by the Tenacicy of 
its Parts will in all Degrees of Velocity be the ſame; or in 
© fewer Words, that Part of the Reſiſtance of Fluids, which 
* ariſes from the Coheſion of their Parts, will be uniform. 


The 
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The third Species is the principal Reſiſtance, 
that Fluids give to Bodies, and ariſes from 


their Inactivity or the Tendency the Particles, 


of which they conſiſt, have to continue at Reſt. 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with on a double Ac- 
count: For in the firſt Place, the Number of 
Particles put into Motion by the moving Body 
in any determinate Space of Time, is propor- 


tionable to the Velocity where with the Body 


moves; and in the next Place, the Velocity 


with which each of them is moved, is _ pro- 


portionable to the Velocity of the Body ; this 
Species therefore of Reſiſtance is in a Väupli- 
cate Proportion, or as the Square of the Ve- 
locity, with which the Body moves through 
the Fluid x. 

II. Farther the Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 
conſidered with Regard to the Fluid; and 
then it will be ſound to be more or leſs, ac- 


* 'This may be otherwiſe demonſtrated from th twelfch 
Section of the firſt Chapter; for from thence it follows, that 


the Reſiſtance a Fluid gives to a Solid againſt which it moyes, 


is proportionable to the Height a Body muſt fall from, to 
acquire ſuch a Degree of Velocity as the Fluid moves with : 

But the Heights Bodies fall from are as the Squares of the Ve- 
locities they acquire by falling ; ; conſequently the Reſiſtance a 
Fluid gives to a Solid, againſt which it moves, is alſo as the 
Square of its Velocity. Now it matters not, as to the Reſiſt- 
ance, whether the Fluid moves againſt the Solid, or whether 


it be at Reſt, and the Solid moves in it; the Reſiſtance there- 


fore which a Fluid gives to a Solid moving in it, is as the 


Square of the Velocity, with which it moves. 


1 . 
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cording to the Denſity of the Fluid, For by 
how much denſer the Fluid is, fo much the 
greater Number of Particles are to be put into 
Motion by the Body, in Order to make its 
Way through it. | 

III. The next Thing to be conſidered is the 
Effects of the Reſiſtance of Fluids upon Bodies 
moving in them; that is, the Retardation, 
which they cauſe in the Motion of a Body by 
their Reſiſtance, or the Quantity of Motin 
they deſtroy. 

And this, in ſimilar Bodies of equal Magni- 
tudes, is inverſely as their Denſities, or the 
Quantity of Matter they contain; for by how 

much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from 
the Fluid. Thus, we ſec the Reſiſtance of the 
Air has a much leſs Effect in deſtroying the 
Motion of an heavy Body, than of a light 
one which has the ſame Dimenſions. 

IV. In ſimilar Bodies of equal Denſities, 

but different Magnitudes, the Retardation is in- 
yerſely as their homologous Sides. For the Re- 
ſiſtance Bodies meet with in a Fluid, is inverſely 
as the Quantities of Matter they contain (by 
the laſt), that is inyerſely as the Cubes of m_ 
homologous, Sides; and it is alſo directly 
their Surfaces, becauſe tis by them that San 
move the Fluid out of its Place; that is, di- 


rectly as the Squares of their homologous Sides; 
conſequently 
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conſequently the Retardation is inverſely as 
their homologous Sides *. | 


Having given the fundamental Principles of 
Hydroſtatics, and ſhewn how Fluids, both 
compreſſible and incompreſſible, are diſpoſed 
to act upon each other, and upon Solids by 
their Preſſure, Motion, Elaſticity, and Reſiſt- 
ance ; I proceed now to account for ſome of 
the more remarkable Phænomena of Nature, 


in which they are in Part or altogether con- 


cerned: And this I deſign for the Subject of 
the following Diſſertations, 


* Becauſe the inverſe Ratio of the Cubes of any Numbers 
being compounded with the direct Ratio of the Squares of the 


ſame, gives the inverſe Ratio of the Numbers themſelves. 
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tions of the Particles of the elaſtic 
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DISSERTATION 1. 
Of Sound. 


'H E N the Parts of an elaſtic Body are 

put into a tremulous Motion by Per- 
cuſſion or the like; ſo long as the Tremors 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations : Now, the Particles 


of Air being ſo far compreſſed together by the - | 


Weight of the incumbent Atmoſphere, as their 
repulſive Forces permit, (as has been explained 
Chap. 3.) it follows, that thoſe, which are 
immediately agitated by the reciprocal Mo- 
ody, will, 
in their Approach towards thoſe which lic next 
them, impel them alſo towards each other ; 
and thereby cauſe them to be more condenſed, 
than they were by the Weight of the incum- 
bent Atmoſphere, and in their Return will ſuffer 
them to expand themſelves again ; whereby the 
like Tremors and Agitations will be propagated 
to them; and ſo on, till having arrived at a 
certain Diſtance ſtom the Body, the Vibrations 
ceaſe, being gradually deftroyed by a conti- 
mal ſucceſſive Propagation of Motion to freſh 
Particles of Air throughout their Progreſs. 
T hus 
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Thus it is that Sound is communicated from 
a tremulous Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated to the Particles 
ol the Air, till it reaches thoſe which are con- 
tiguous to the Tympanim of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 
ticles in performing their Vibrations impinge 
upon the Tympanum, which agitates the Air 
included within it; and that being put into a 
like tremulous Motion, affects the auditory 
Nerve, and thus excites in the Mind the Sen- 
ſation or Idea of what we call Sound. _—_ 

Now ſince the repulſive Force of each Par- 
ticle of Air is equally diffuſed around it eve- 
ry Way; it follows, that when any one ap- 
proaches a Number of others, it not only re- 

ls thoſe which lie before it, in a right Line; 
but the reſt, laterally according to their re- 
ſpective Situations: that is, it makes them 
recede every Way from itſelf, as from a Cen- 
ter: and, this being true of every Particle, it 


follows, that the aforeſaid Tremors will be 


propagated from the ſounding Body in all Di- 
rections, as from a Center: And farther, if 
they are confined for ſome Time from ſpread- 
ing themſelves by paſſing through a Tube or 


the like, will, when they have paſſed through 


it, ſpread themſelves from the End in every 
Direction. In like Manner, thoſe which paſs 
through an Hole in an Obſtacle they meet 
with in their Way, will afterwards ſpread 
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themſelves from thence, as if that was the 
Place where they began; ſo that the Sound, 


Which paſſes through an Hole in a Wall or the 


like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it. Some- 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all 
Parts of the Surface in a Circle, though occa- 
fioned not by a circular, but reciprocal Motion 
and Agitation of the Finger or any other Body 
in a ſtraight Line. 

Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances ; (Chap. 3. $. 10.) it 


follows, that when any Particle is removed out 


of its Place by the Tremors of a ſounding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
repulſive Force of thoſe towards which it is 


impelled, with a Velocity proportionable to 


the Diſtance from its proper Place; becauſe 
the Velocity will be as the repelling Force. 
The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return to 
its Place in the ſame Ti "ime; (for the Time a 
Body takes up in moving from Place to Place 
will always be the fame, fo long as the Ve- 
locity it moves with is proportionable to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 


performed, depends on the Degree of Repul- 
ſion 
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ſion in its Particles: And ſo long as that is 
not altered, will be the ſame at all Diſtances 
ſrom the tremulous Body; conſequently, as 
the Motion of Sound is owing to the ſuc- 
ceſſive Propagation of the Tremors of a ſound- 
ing Body through the Air, and as tha: Propa- 
gation depends on the Time each Tremor is 
performed in, it follows, that the Velocity 
of Sound varies as the Elaſticity of the Air, 
but continues the ſame at all Diſtances from 
the ſounding Body. 3 

And as the Velocity, with which Sound is 
propagated, depends on the Elaſticity of the 
Air, ſo it does alſo on its Denſity; for when 
the Denſity of the Air is augmented, while 
its Elaſticity remains the ſame , a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration; now, ſince we ſup- 


poſe the Cauſe by which they put each other 


* Perhaps it will not appear to every one, how the Denſity 
of the Air can be augmented without a proportional Increaſe 
of its Elaſticity ; becauſe, ceteris paribus, the nearer the Parti- 
cles approach each other, the ſtronger is the Action of their 
repulſive Force. | | 

But it is to be conſidered, that when the Air becomes cold- 
er, its Elaſticity is diminiſhed, and then the Particles are 
brought cloſer together by the Preſſure of the Atmoſphere, 
till they acquire an Elaſticity equal to what they had before ; 
viz. ſuch as anſwers to the Preſſure they ſuſtain (Chap. 3.4. 12.) 
From hence we may infer, that the Propagation of Sound is 
lower in Winter than in Summer, when the Mercury in the 
Barometer is at the ſame Height; for the Preſſure of the Air 
being the ſame, its Elaſticity which depends upon it, is ſo too; 
but the Air is denſer by Reaſon of the Cald, and therefore its 
Vibrations ſlower. | 


into 
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into Motion (442. their Elafticity,) the ſame, 
they will each receive a leſs Degree of Velo- 
city; and ſo the Vibrations will be performed 
in a longer Time, whence the Succeſſion of 
them will be flower, and the Progreſs of the 
Sound proportionably retarded *. 1 
Whereas the undulatory Motion of the Air, 
which conſtitutes Sound, is propagated in all 
Directions from the ſounding Body; it will 
frequently happen, that the Air, in perform- 
ing its Vibrations, will impinge againſt vari- 
ous Objects, which will reflect it back, and 
ſo eas new Vibrations the contrary Way ; 
now, if the Objects are ſo ſituated, as to re- 
flect a ſufficient Number of Vibrations back 
(vir. ſuch as proceed different Ways) to the 


*The Method of determining the Velocity with which 
Sound is propagated, is (by the Help of a ſhort Pendulum) to 
eſtimate the Time, which paſſes between ſeeing the Fire of a 
Gun at a Diſtance, and hearing the Report. Its great Velocity 
makes it difficult to be determined exactly; accordingly Au- 
thors differ much in their Accounts. The moſt accurate Ob- 
ſervers Dr. Halley and Dr. Durham have found it to be about 
- one Thouſand one Hundred and Forty-two Feet, which is al- 
moſt a Quarter of a Mile, in a Secong. - | 

The uſual Experiments to prove that the Air is neceſſary for 
the Propagation of Sound, are ſuch as theſe. A fmall Bell, be- 
ing put into the Receiver of the Air-Pump, may be heard at a 
conſiderable Diſtance, before the Air is exhauſted out of it; but 
when of Air is much rarefied by exhauſting, can ſcarcely be 
heard at all. When the Air is condenſed, the Sound is aug- 
mented in Proportion to the Condenſation. Theſe Experiments 
do not only ſucceed in forced Rarefactions and Condenſations, 
but in ſuch alſo as are Natural; Sound being obſerved to be 
much weaker on the Tops of high Mountains, where the Air 
is leſs condenſed by the Weight of the incumbent Atmoſphere, 
than in the Valleys below. 1 ; | 
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ſame Place, the Sound will be there repeated, 
and is called an Echo", And, the greater 
the Diſtance of the Objects is, the longer will 
be the Time, before the Repetition is heard. 
And when the Sound in its Progreſs meets with 
Objects, at different Diſtances, ſufficient to 
produce an Echo, the ſame Sound will be re- 
peated ſeveral Times ſucceſſively, according to 
the different Diſtances of thoſe Objects from 
the ſounding Body; which makes what is call- 
ed a repeated Echo. | 
If the Vibrations of the tremulous Body are 
propagated through a long Tube, they will be 
continually reverberated from the Sides of the 
Tube into its Axis, and by that means pre- 
vented from ſpreading, till they get out of it; 
whereby they will be exceedingly encreaſed 
and the Sound rendered much louder than it 
would otherwiſe be 4. 3 = 
The Difference of Muſical Tones depends 
on the different Number of Vibrations com- 
municated to the Air, in a given Time, by the 
Tremors 
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* In Wood ſtoch Park near Oxford, there is an Echo, which 
repeats diſtinctly ſeventeen Syllables by Day, and twenty by 
Night. See Plots Natural Hiſtory of Oxfordſpire. 
The Reaſon, why it repeats more Syllables by Night, than 
by Day, is becauſe the Air, being colder at that Time, is 
more denſe ; and therefore the Return of the firſt Vibrations be- 
ing ſlower, gives Time for the Repetition of more Syllables. 


+ This is the Caſe in the Sentorophonic Tube or Speaking- 
Trumpet. See Kircher de Re Muſica. Lib. 9. Par. 3. Oe 
Philoſ. Natur. Princip. p. 293. | 
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Tremors of the ſounding Body; ; and the 
quicker the Succeſſion of the Vibrations is, 
the acuter is the Tone, and Ce contra. 

A muſical Chord x erforms all its Vibrations, 
erer reat or ſmall in the ſame Time. 
For, if iS fring is ſtretched between two Pins, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
Is found by Experiment, that the Diſtance (if 
it be ſmall) to Which it is drawn, is as the 
Force applied; conſequently the Velocity, 
With which it returns, when leſt to itſelf, will 


he as the Space it has to move over; it will 


therefore perform all its Vibrations in the ſame 
Time: This is the Reafon why the ſime Chord, 
however ſtruck, produces the ſame Note. I 


Is alſo found by Experiment, that when Strings 


of equal Diameters, but different Lengths, 
are equally ſtretched, the longer they are, ſo 
much the leſs Weights will draw them from 
their rectilineal Situation to the tame Diſtance ; : 


% 


1 pn his Principle it 1s, that Sound 1s conveyed from one 


Side of a Whiſpering Gallery to the oppoſite one, without be- 


ing perceived, by thoſe who ſtand in the Middle. The Form of 


a Whiſpering-Gallery is that of a Segment of a Sphere, or the 
like arched. Figure; and the Progreſs. "of the Sound through it 


may be illuſtrated in the following Manner. 


Let ABC (Eg. 14.) repreſent the Segment of a Sphere; 


and ſuppoſe a low Voice uttered at D, the Vibrations expand- 


ing themſelves every Way, ſame will impinge upon the Points 
E, E, &c. and from thence be reflected to the Points F, from thence 


to G. and ſo on, till they all meet in C; and by their Union 
there cauſe a; much ſtronger Sound, than in any other Part of 


the Segment whatever, even at D the Point from whence 


7 came. 
5 | | the 


Diſſert. 1 Sound. 3 
the Forces thereſore by vhich they return 
are leſs, and the Times of their Vibrations 


longer. 
When two Chords perform their Vibia- 


tions in equal Times, the Tone produced is 


called an Uniſon. If one performs two, While 
the other one; 'tis an Octave. If one three, 
while the other two; *tis a Fifth. If one 


three, while the other four; tis called a 


þ ourth, &c. 


To make an Uniſon Sound, it is not CT 


ſary, that the Vibrations of the two Strings 
ſhould: actually concur, but only that they 
ſhould be performed in equal Times; ſo that 


they would always concur, if they began at 
the ſame Inſtant. For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
tervals of Time, that paſs between them“ 4 


* Upon theſe Principles we may account for that remarkable 
Thænomenon in Mufic, that an intenſe Sound being Taiſed; 
either with the Voice or a ſonorous Body, another ſonorous Bo- 


dy near it and in Uniſon with it, will thereby be made to found. 


For the Vibrations of the Air, which correſpond to the Fre- 
mors of the firſt ſounding Body, agreeing exactly, in Point of 
Time, with thoſe, which are capable of being given to the 
other Body at Uniſon with it; when they have by their firſt Im- 
pulſe communicated a ſmall Degree of Motion to it, will, by 
conſpiring with it as it moves forwards and backwards, conti 
nually increaſe its Motion, till it becomes ſenſible. The con- 
trary happens in Strings which are in Diſcord with each other; 
for in this Caſe, though the firſt Vibration of one may give 
Motion to the other, yet their Vibrations not being performed 
in equal Times, the ſecond will come anſeaſonably, i. e. when 
the other is moving the contrary Way, and obſtruct its Motion. 
It is farther obſervable, that in two Strings, one of which vi- 
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brates twice, while the other once; if the firſt be ſounded, 
the two Extreams of the other will each ſound an Uniſon with 
it, while the middle Point remains at Reſt. So if on? vibrates 
thrice, while the other once, the lat will be divided into three 
Parts, each of which will ſound an Uniſon with it, and the two 
Points between theſe Parts will remain at Reſt. For other- 
wiſe that which vibrates twice, while the other ouce, muſt ne- 
ceſſarily interfere with it at every ſecond Vibration; and that 
which vibrates thrice, while the other once, would interfere 
with it at every third; ſo that it would not be put into a ſuffi- 
cient Motion to produce a Sound. But, when it is divided 
by the quieſcent Points, it becomes ſo many Strings at Unifon 
with the former, each of which cafily receives its Vibrations 
from thence. - 5 5 

From hence likewiſe it is, that, if we take two or three 
drinking Glaſfes, and put ſome Water or other Fluid into each 
of them, and place them near to each other, taking Care to fill 
them, to ſuch Heights, that (when ſtruck) their Tones ſhall 
be in Uniſon ; and then, if we ſlide the Finger along the Brim. 
of one of the Glaſſes, preſſing pretty ſtrongly upon it, (which 
will cauſe it to ſound) we ſhall ſee the Surface of the Fluids 
in the other Glaſſes begin to tremble ; which ſhews that the 
Vibrations of the firſt Glaſs cauſe the like in the other at 
Uniſon with it; though not perhaps in a Degree ſufficient to 
produce a Sound, ſtrong enough to be heard diſtinctly from 


the former. 


Thus it is that ſome Perſons are able to break à drinking 
Glaſs by a Tone of their Voice at Uniſon with it. They firſt 
try the Tone of the Glaſs by ſtriking it, then applying their 
Mouth near to the Brim of it, ſound the ſame Note with their 
Voice ; this ſets the Glaſs a trembling ; they then continually 
raiſe their Voice, ſounding ſill the fame Note; this encreaſes 
the Tremors of the Glaſs, which by that Means (if it is not 
too ſtrong) is broke in Pieces, | | 

The Effect of Muſic upon Perſons bit with the Tarantula, (ii 
the Accounts we have of it from Abroad may be credited) is 
very ſurpriſing. A Perſon bit with the Tarantula after ſome 
Time loſes both Senſe and Motion, and dies if deſtitute of 
Help. The moit effectual Remedy is Mz/ic. The Muſician 
tries Variety of Airs, till he hits upon one that affects the Pa- 
tient, who upon thut begins to move by Degrees; firſt keeps 
Time with his Fingers, Arms, and Legs, afterwards is vio- 


lently agitated in every Part of his Body; and then leaps up, 


begins to dance, and enereaſes in Activity every Moment; — 
7 after 
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after ſive or ſix Hours, being very much fatigued, he is put to 
Bed and left to ſweat. The next Day the ſame Air brings 
him out of Bed for a new Dance. Which Exerciſe being thus 
continued, the Diſtemper is abated in the Space of four or five 
Days, the Effects of the Bite being in ſome Meaſure carried 
off by Sweat, and the Patient begins then to recover his Senſe 
and Knowledge by little and little 1 | 

The Reaſon why the Patient is thus affected by the Mu ſic, is 
becauſe the Nerves of his Body are ſo diſpoſed in that Diſtem- 


per, as eaſily to be agitated by the Vibrations which are occa- 


ſioned by the Principle and ſtronger Notes of what is played. 


See on the Subject of this Diſſertation, Philoſoph. Tranſact. 
No. 134, 243, 302, 313, 319 337. Hiſt. de VAcad. 1702, 
1708. Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 
Poiſons, p. 59. MKerPs Anatomy, p. 214. Bagliui Prax. Medic. 
Diſſert. I. Bellini de Utinis & Pulſibus, &c. ſub fine Capitis 
de Mania. 


Dis. 


7 


* 


5 A 9 —— * * , 
Et - — . = — v 7 | 
I — — wa . 2 
2 — . — 
— — — — — 7 2 — 
22 ns 8 - n 2 - * * . 4 i + . 
Dom pd ont — 87 Far — vg f — — — — * 0 * — — » 4 * * * * 
1 — Ro — 2 — 2 9 Was —— 2 hp oi q 6 - —_ 
0 1 a = 1 — 
—_—— 8 2 ms ” . Cy J r 2 2 — yoo: = 2 r 
— . x * 2 < 8 2 he 
22 = 8 [ih * 1 o \ * a : = 
l «EX _ — 49 * - 1 o PS = 


x — FE 


* 
* * » 4 
4 4 - 
e 
: , 2 
_E34 "i 44 
: 7 \ - 
. 
. 1 1 
5 1 
1 1 
* * 1 - 
8; 1 +238 
8: * FF 
l : BY 
2 < * 
T5 by 71 >; 
= 2 "33 
Fl * 44 
. 2 
=. 
: ps = 
5 1 & 
1 LEW 
45 Wt 
; [ 
"8 i 
4 4 f 
nr 
F 


r v 3 = 2 9 * Pc — aa>- — — CSIC * — n= WY _ 2 1 1 
win nn EE RS ˙ nth oa rin. a Fe — a : TOE OE EE inn = AS. e — 


1 
1 
4 


7 


F ESSE — —ůůůů 


30 * E 1 Part II. 


DISSERTATION 1. 


" Capillary Tubes. 
Br a Capillary Tube is generally under aol 
a Glaſs Pipe; the Diameter of whoſe 
Bore 1s at moſt but about one tenth of an Inch; 
though any Tube whoſe Cavity does not x 
ceed that Magnitude, may be ſo called. 
The Phænomena of Capillary Tubes being 


ſuch as contradict a known Law in Hydroſta- 


tics, viz. that a Fluid riſes in a Tube to Fe 


ſame Height with the Level of its Source“ 


and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 
riſhment of their Fruit, and with divers other 
Operations of Nature: it has been thought 


of no ſmall Moment in Philoſophy to find 


out and eftabliſh their true Cauſe ; which af- 
ter numerous Experiments and ſeveral Con- 


jectures about it, is found to be no other than 
the Attraction of Coheſion; by which ſmall 


Particles of Matter mutually adhere together 


and form ___ Bodies}. I ſhall lay down 


See Chap I. §. 9. Caſe 4. in the Notes. 


+ See Hauksbee's alla Poauer's Experiments. Mufſchenbroeck 
4to Edit. Philoſoph. Tranſact. No. 355. Mem. de l' Acad. 
1705, 1714, 1722, 1724. With others referr'd to in Quæſti- 
ones 5 | 


the 
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the ſeveral Phznomena, as ſo many Matters of 
Fact; and ſubjoin to each a Solution from that 
Cauſe. Tn Order to which, it may not be im- 
proper to premiſe tlie following Confi deration 
by Way of Lemm. 

Let us ſuppoſe the Veſſel ABCD (Fig. 15.) 
filled with a Fluid to the Height LM, 55 
let it be coriceived as divided into the equal 
Portions EFGH, GHIK, IK LM, tc. fir- 
ther, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface of the Veſſel, has 
a Sphere of Attraction, whoſe Semidi ameter 
is equal to the Breadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as S; and that of the 
Particle O, upwards as far as H, and down- 
wards as fir as U; and ſo of all the reſt quite 
round the Tube. From hence it will follow, 

that every Particle of the inner Surface of the 
Veſſel, which lies between EF and RS con- 
ſpires 3 in endeavouring to raiſe the Fluid to- 
wards AB the Top of the Veſſel; and that 
the Fluid is not ace by any Other. For 
Inſtance, the Particle S, and all below it, will 
attract downwards three Strata of the Pluid 
(ſuch as are contained in three equal Diviſions 
of the Veſſel) from above, and às many up- 
Wards from below; and 'thetefbre will Have no 
Effect at all in raiſing or depreſſing the Fluid. 
But the Particle Q ill attract only two Strata 
downwards ; becauſe there are no more above 
_ 
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it, and three upwards, and therefore will in 


ſome Meaſure tend to raiſe the Fluid; ſo the 


Particle O will attract but one downwards 
and three upwards; the Particle M none down- 
wards, and three upwards; the Particle K two 
upwards, and H only one: All which may 
clearly be ſeen by their Situations in the Figure 
with Reſpe& to the Surface of the Fluid. 
Therefore in every Veſſel, where there is a mu- 
tual Attraction between the Fluid it contains 
and the Particles of which it is compoſed, there 
will be a certain Number of Particles diſpoſed 
around it in Form of a broad Periphery or 
Zone as repreſented by AB; (Fig. 16.) half 
of which lies ahove the Surface of the Fluid and 
half below it, that will tend to make it riſe to- 
wards the 'Top. This being underſtood, the 
following Phenomena will not be difficult *. 


2 J have been the more particular in explaining this Lemma, 


becauſe it is not a bare Periphery of no Breadth, to which 


the Aſcent of the Fluid is owing, but a Zone or Cingulum of 
Particles diſtended equally in Breadth both ways from the Sur- 


face of the Fluid; and becauſe it is upon the Breadth of this, 


that ſome of the following Solutions depend. As to the 
Thickneſs of it, that undoubtedly is equal to .the Semidiameter 
of the Sphere of Attraction in the Particles of the Veſſel ; and 


therefore Veſſels, whoſe Sides are of different Thickneſſes (pro- 


vided thoſe Thickneſſes be leſs than that Semidiameter) muſt 
have different Effects upon the ſame Fluid, though no one has 
as yet been ſo accurate as to obſerve it. 'The Reaſon, why a 
Fluid will not riſe in a large Veſſel, as well as in one chat is 
Capillary, is becauſe the Attraction of its Particles does not 
reach far enough into the Middle of the Veſſel ; and therefore 
it only riſes about the Sides, ſtanding higher than in the 
Middle: As may be ſeen in a Drinking-Glaſs, when a Quantity 
of Water is put into it, ſomewhat leſs than is ä To 
> ANG 
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I. Let there be two Capillary Tubes AB 
and CD (Eig. 17.) open at both Ends; and 
having their lower Orifices A and C immer- 

ed below the Surface of the Water contained 
in the Veſſel FGHI : The Water will imme 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 

Motion, which will gradually decreaſe ; till 
as much Water has entered the Tubes, as they 
are able to raiſe: And the Heights to which 
the Water will riſe in them, will be recipro- 
cally as their Diameters. 

That the Water ought to riſe in both Tubes 
is an immediate Conſequence of the foregoing 
Lemma ; becauſe the Column of Water with- 
in the Tube is rendered lighter than an equal 
Column on the outſide, as being attracted up- 
wards by a Portion of the interior Surface of 
the Veſſel; and therefore will riſe till it be- 
comes as much longer than the external ones 
as it is made lighter; that the ÆAquilibrium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
Column. The Reaſon that the Velocity with 
which it riſes, ought conſtantly to decreaſe, is 
| becauſe the heavier the Column is, the leſs is 
the Effect of the Attraction, which is always 
the ſame in a Tube of the ſame Diameter. 
And laſtly, the Heights to which the Water 
riſes in them, will be reciprocally as their Dia- 


meters; for chen the Quantities raiſed will be 
N H directly 


33 05 | 
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directly as the Diameters* ; but the Peripherics 
that raiſe them, (being. always of the ſame 
Breadth and having their Lengths equal to the 
Circumſerences of the Tubes,) are as thoſe Di- 
ameters; the Quantities of Water therefore, 
being in the ſame Ratio, are as the Peripheries, 
Z. C. as the Cauſes by which they are raiſed. 

TI. If the Tubes, before they are immerged 
in. the Water, are filled to greater Heights, 
than thoſe to which it would naturally rite in 
them; and then have their lower Orifices im- 
merged in Water, the Water will ſubſide till 
it ſtands in each at the fame Height to which 
it would have riſen; but, if they are held in 
a perpendicular Poſition without being immer- 
ged, the Water will not ſubſide in the Tubes 
quite ſo far. 3 3 

The Reaſon why the Water in the Tube, 
when its lower Orifice is immerged, ſubſides 
to the ſame Height it would have riſen to, had 
the Tube been immerged when empty, is be- 
cauſe the Column is ſuſpended in one Caſe by 
the ſame Cauſe, by which it is raiſed. in the 
other; but when the Tube ſull of Water is 


*The Heights to which the Water riſes, being in a recipro- 
cal Ratio of the Diameters; and the Contents of Cylindrical 
Tubes being in a direct Ratio of their Heights, and of the 
Squares of their Diameters; the Quantities of Water raiſed in 
this Caſe will be in a reciprocal Ratio of the Diameters, and 
a direct one of the Squares of the ſame. Now theſe two Ratio's 
being compounded together, give the direct one of the Dia- 
meters themſelves; becauſe the ſimple reciprocal Ratio deſtroys 
one of thoſe, Which are contained in the direct one of the 


Squares. 
8 held 
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held erect, without being immerged, it will 
not ſubſide guzte fo far; becauſe the lower End 
of the Tube, which the Water leaves: behind 
it as it drops out, attracts it the contrary 
Way; ſo that the Column i in this Caſe is ſuſ- 
pended not only by the inner Surface of the 
Tube at the Top, but alſo by its lower End; 
and therefore a greater Quantity of Water is 
ſuſpended than in the former Caſe. 

HII. If a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the fame perpendicular 
Height, as when held erect. 


For ſince Fluids preſs according to their 


perpendicular Heights, the Weight of the Co- 
lumn raiſed will not be proportionable to the 
attractive Force of the Tube, till it has artived 
at the ſame perpendicular Height, to which it 
would have roſe, if held erect. 

IV. If a Tube, when the Water is riſen in- 


to it to its wonted Height, is laid in an Hori- 
zontal Situation, the Water will move towards. 


the Middle of the Tube, leaving the End 
which was immerſed a little behind. 

The Solution of this Phænomenon depend 
on what was obſerved in the Lemma about 
the Breadth of the attracting Periphery, and 
its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 


lows, that if the Water ſhould not run from 


the full End of the Tube, after it has laid in 
an Horizontal Situation, but remain * 
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to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri- 
phery as lies within its Surface at that End; 
becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 
is wanting. Whereas, at the other End of 
the Column, there is a Periphery whoſe Breadth 
is entire; which overpowering the other, 
cauſes the Water to move towards the Middle 
of the Tube, till as much Periphery is leſt be- 
hind, as can at once affect the Water by 
the Attraction of its Particles; after which 
the Water being attracted equally each way, 
remains at Reſt. 

V. Let there be a Tube (Fig. 18.) con- 
fiſting of two Parts DR and RCK, of diffe- 
rent Diameters; it follows from what has been 
ſaid, that DR the ſmaller Part of the Tube, 
is able to raiſe Water higher than the other: 
Let then the Height to which the larger would 
raiſe it be TF, and that to which it would 
riſe in the leſſer (was it continued down to 
the Surface of the Fluid) be XL. If this com- 
pound Tube be filled with Water and the 
larger Orihce CK be immerſed in the ſame 
Fluid, the Surface of the Water will fink no 
farther than XL; the Height to which the 
leſſer Part of the Tube would have raiſed it. 

But if the Tube be inverted as in Fig. 19. 
and the ſmaller Orifice XL be immerſed, the 
Water will run out till the Surface falls to TF; 
the Height to which the larger Part = a 
| | ube 
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Tube would have raiſed it. The Size of the 
lower Part making no Alteration in the 
Height, at which the Fluid i is ſuſpended in 
5 — Caſe. 

In order to account for theſe Priznomena, 
it muſt be conſidered, that when a Body is ſo 
diſpoſed, that its different Parts ſhall move 
with different Degrees of Velocity, the great- 
er Proportion the Velocity of that Part to 
which a moving Power is applied, bears to 
that of the reſt; ſo much the more effecFual 
is the Power in moving that Body : As is the 
known Caſe of the Lever, and all the other 
Mechanical Powers. 

Now let us conceive the Tube DR (Rx 
18.) continued down to HI, and let it be 
ſuppoſed at preſent that the Fluids contained 


in the Tube XLHI, and the compound one 


XLKC, are not ſuſpended by the Periphery 
at L, but that they preſs upon their reſpectiye 
Bafes HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them moveable, 
and that they are raiſed up or let down with 
equal Velocities; then will the Velocity with 
which XL the uppermoſt Stratum of the Fluid 
XLCK moves, exceed that of the ſame Stratum, 


conſidered as the uppermoſt of the Fluid in the 


Tube XLHI, as much as the Tube RCK 
is wider than DR (by the Lemma Chap. 1. 
9. 9.) that is, as much as the Space MNKC 
excceds XLIH; conſequently by what was 


N in the n Paragraph, the 


Effect 


DN 


— — — 
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Effect of the attracting Periphery XL, as it 
acts upon the Fluid contained in the Veſſel 
XLCK, exceeds its Effect, as it acts upon 
that in XLHI, in the ſame Proportion. 
Since therefore it is able (ex Hypoth.) to ſuſ- 
tain the Weight of the Fluid XLHI by its 
natural Power, it is able under this Mechani- 
cal Advantage, to ſuſtain the Weight of as 
much, as would fill the Space MNKC: But 
the Preſſure of the Fluid XLCK is equal to 
that Weight, as having the fame Baſe and 
an, equal Height (Chap. 1. 6. 9) its Preſſure 
therefore, or the Tendency it has to de- 
ſcend in the Tube, is equivalent to the Pow- 
er of the attracting Periphery XL, 2 which 
Reaſon it ought to be ſuſpended by 

Again, the Height (Fig. 19. ) 5 which 
the attracting Periphery in the larger Part of 
the Tube is able to ſuſtain the Fluid is no 
greater than NF, that to which it would have 
raiſed it, had the Tube been continued down 
to MN. For here the Power of the attract- 
ing Periphery acts under a like Mechanical 
Diſad vantage; and is thereby diminiſhed in 
Proportion to the Capacity of the Tube TFN M 
to that of HIXL; becauſe, if the Baſes of 
theſe Tubes are ſuppoſed to be moved with 
equal Velocities, the Riſe or Fall of the Sur- 
face of the Fluid 'TFXI, would be ſo much 
leG than that of TFMN. And, whereas 
the attracting Periphery TF is able by its na- 


1 80 Power to ſuſpend the Fluid only to the 
7 . 
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Heig ht NF in the Tube TEMN ; it is in this 
Cale able to ſuſtain no greater Preſſure. than 
what is equal to. the Weight of the Fluid in 
the Space HIXL : but the Preſſure of the 
Fluid TFXL which has equal Height and the 
ſame Baſe with it, is equal to that Weight; 
and therefore is a juſt <Equiponatum to the at- 
tracting Power. 

VI. From hence we may clearly Gs the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form and laid in an Horizontal - Situation; 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 
of Water contained within it; when the Fluid 
moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 


of the Tube at D, to that at C (by the Lem. 


ma Chap. 1. 9. 9. that is reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C; but the attracting Pe- 

riphery at D is to that at C, in the ſimple Ras 


tio of the Diameter at D, to the Diameter at - 


C. Now, ſince the Effect of the Attraction 
depends, as much upon the Velocity of that 
Part of the Fluid where it acts, as upon its 
natural Force, its Effect at D will be greater 
than at C; for though the Attraction at D 
be really leſs in itſelf than at C, yet its Loſs 
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66 — Of Capillary Tubes. Part II. 
compenſated by the mechanical Advantage it 
has, ariſing from hence, vi. that the Velo- 
city of the Fluid in that Part is greater than 
it is at C, in a greater Proportion than the 
Force itſelf is leſs: The Fluid will therefore 
move towards B. 
VII. From hence likewiſe it follows, that 
if a Veſſel as ABC, (repreſented Ig. 21.) of 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube as B; and if this 
Veſſel is filled with Water, and have its lower 
Orifice placed on FD the Surface of the ſame 
Fluid ; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be tmall enough, (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by Propoſition the fifth, the 
lower Part of the Tube makes no Alteration 
in the Height, at which the Capillary B is able 
to ſuſtain the Fluid. 

VIII. And if the ſame Veſſel be filled only 
to the Height DE (Lg. 22.) and a Drop of 
Water be put into the Ecillary at B, (the in- 
termediate Part BDE being full of Air) the 
DE. will continue Tuſpended at the Height 

For, although the Fluid AcDE is not in 
Contact with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
ſupported by it; yet the Preſſure of the At- 
moſphere upon the Surface FG, and againſt the 
upper Fart of che Drop in che Capillary B 
| Keeps 


42 
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keeps the Fluid ADEC, and the Drop and the 
intermediate Air from ſeparating, juſt as in 
the former Caſe the Attraction of Coheſion 
in the Particles of the Water prevented a 
Separation between that in the Veſſel and 
that in the Capillary. Conſequently, as the 
Water in the Capillary was able in the former 
Caſe to ſuſtain as much Fluid as the Veſſel 
could contain, it is now ſufficient to ſuſtain the 
Fluid ADEC x. : 3 

IX. Let there be a Capillary Siphon, a 
that repreſented Fg. 23, 24 or 25, and let E 
be the Height, to which Water might be raiſed 
by a Periphery equal to that at A. Now, ſince 
(as was obſerved g. 2) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri- 
phery ; let HI be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
then, if any. of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run .out of 
the Tube at C, if CD'the Difference of the 


This happens quite otherwiſe in Vacuo, becauſe the Preſ- 
ſure of the Air, which, as it were, connects the Drop with the 
Water ADEC, being wanting, it immediately falls for Wan; 
of a Support. Whereas the TRL Phenomenon, equally ſuc- 
ceeds in Vacuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the 
Capillary by their own mutual Attraction of Coheſion, there 


being nothing elſe whereby they can be ſupported. 
| | I _” 
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Legs 3 EF and HI added together, 


Ser wi not. 

For the Column AB is a Counterpoiſe to 
BD, being of the ſame perpendicular Height ; 
and therefore it is only the Weight of the Co- 
lumn CD, which determines the Fluid to move; 
unleſs that Weight therefore exceeds the Force 
of the attracting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 
C, that is, (ex Hypoth.) two Columns whoſe 
Heights are EF and HI, it cannot run out at 
C; otherwiſe it will, as being deſtitute of a 
ſufficient Support. 

X. If the End A is immerged in Water and 
the other not (ſuppoſing the Tube full as be- 
fore,) it will run out at C, though CD the 
Difference of the Legs, only exceeds HI. For 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 
Power the End C has to prevent Drops from 
falling 1 

XI. Again, if the End C is immerged in 
Water, (and the other not) it will run out at 
O, if CD exceeds EF, otherwiſe not. | 

For in this Caſe, there is nothing to ſupport 
the Column CD, but the attracting Periphery 
at A, whoſe Power i is ſuppoſed able to raiſe a 
Column as EF, and no more. 

XII. And, if both Ends are immerſed (the 
Tube being ſuppoſed full as before) the Water 
will run out at the lower, which eyer it is. 

For 
— ont 


— 
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For then the Attraction of both Ends ceaſes ; 
and the longer Column over-balancing the 
ſho:ter, the Fluid is determined thereby to run 

out at the lower End. 

XIII. If either of the Tubes (Zig. 23 or 24. ) 
are ſmall enough to raiſe the Water from A to 
B, and if the Orifice A is immerged, the Fluid 
will riſe to B, paſling on to C, where it will 
run out or be ſuſpended according to the fore- 
going Cafes: but if the Periphery at & (Fig. 
25.) is ſuch as would ſupport a Column of 
the Length of AM only, and'if the Tube be 
filled from A to that Periphery (the Extremi- 
ty A being ſtill immerged as before) the Li- 

or will proceed no farther, but remain in 
the Poſition in which it is put. 

For that Fluid which has paſſed B aſſiſts by 
its Weight the attracting Periphery in raiſing 
the Column AB, and therefore it runs down to 
G. But, if when the Tube is filled to G, the 
periphery there is not able to ſupport more 
than AM the Difference of the Legs AB and 
BG, the Fluid muſt neceſſarily ſtand there; 
ſince BG is no more than a Count to 
MB, and AM is ſuppoſed to be as much as 
the Periphery at G can ſuſtain. 

XIV. Tho' Le Tube be ſhorter than 
the Height to which its attracting Periphery is 
able to raiſe a Fluid, v. g. tho' the Tube AB 
(Fig. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet 


1 when the End A is immerged, the Fluid will 


#2 IT I 2 not 


70 Of Capillary Tubes. Part II. 
not run out at B, but only be ſuſpended at 
that Height. 
For when the Fluid is riſen as high as B, 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up a 
little above the End, it would be attracted 
back again by it ö. 

XV. The Aſcent of different Fluids in the 
faine Tube is various. Mufj/chenbroek has found, 
that ina Tube in which Water will rife to 
the Height of twenty fix Lines, Oyl of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will rite thirty three or thirty four. 


* Hence we ſee the Abſurdity of ſ:ppoſing that a Fluid may 
be made continually to flow from a lower Place to an higher by 
2 Capillary Tube, as ſuch ; for whether the Tube be of ſuch 
Form, as is repreſented Fig. 23, 24, 25, or 26. The Fluid 
will always ſtop when it comes at the higher End; becauſe the 
Attraction is then in a Direction contrary to its Motion, and 
the Weight of the whole Fluid, if the Tube is ſtraight, or of 
ſo much as is contained in DC the Difference of the Legs, if 
it be crooked, is likewiſe an Impediment to it. 

HFence alſo the Abſurdity of ſuppoſing a Fluid to circulate by 
Virtue of a Capillary Tube, as ſuch. For ſappoſe the Ends of 
the Capillary Tube joined together, ſo that the Tube ſhall re- 
turn into itſelf; if the Tube be not full of Liquor, the Liquor 
will place itſelf as near as poſſible to the ſmalleſt Part of the 
Tube, as may eaſily be inferred from what was obſerved in 
F. 6. and will reſt there: if it be full, in which Caſe the Ex- 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lying part out of the Fluid, and part in it, and 
conſequently all Ground or Cauſe of Motion, ſo far as it ariſes 
from the Tube being capillary, is entirely taken away. And 
if Part of the Tube be capillary, and Part not, the Caſe is ſtill 
the ſame. How ridiculous then is it to affirm, as ſome have 
done, that the Circulation of the Animal Fluids is pro- 
moted by the Paſſages through which they flow, being of that 


Kind? 
The 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs, than 
others are. Mercury exhibits Phænomena juſt 
the Reverſe of the former; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to 
a Level with that on the outſide. This is 
becauſe the Particles of Mercury attract each 
other more forcibly than they are attracted by 
thoſe of Glaſs *. 


Ses Furin's Diſſert. Fhiloſoph. Tran. No. 363. 


According to n the Length cf the upper Part of 


a Tube, which is above the Height to which 1t 1s able to raiſe 
a Fluid, conduces ſomething towards the raiſing it; and there- 


fore in a longer Tube a Fluid riſes higher than in one of the ſame - 


Dimenſions that is ſhorter ; and if a Tube, with ſo much Fluid 
contained in it, as it is able to raiſe, be laid in an Horizontal 


Situation, the Fluid will run to the Middle of it. But of this 


have had no Experience: Tis poſſible that ingenious Profeſ- 


ſor though very accurate in making Experiments, might herein 
be deceived. He acknowledges, (Expriment the fiſceenth,) that 
it ſometimes happens otherwiſe. 


Other Authors, beſides thoſe hands: referred to, that have 
treated on this Subject, are Boz/e Exper. Phyſ. Mech. Exp. 9. 
Sturmius Colleg. Cur. Tentam. 8. Bernoulli Gravit. Æth. Hooke 
Microg. Obſer. 6. Leeuwenhoek Continuat. Arcan. Nat. * 
131. W e Art. Gravit. 
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DISSERTATION II. 
_ Of tbe Origin of Fountains. 


FF ANY have been the Conjectures of 
Philoſophers concerning the Origin of 
Fountains ; and great Pains have been taken 
both by the Members of the Royal Society, 
and thoſe of the Academy of Sciences at Paris, 
in order to aſcertain the true Cauſe of it. It 
was ARISTOTLE's Opinion, and held by moſt 
of the ancient Philoſophers after him, that the 
Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, was 
thereby changed into Water; and that it made 
its Way through, where it could find a Paſ- 
ſage. But we have no Experience of any ſuch 
Tranſmutation of Air into Water. 
Thoſe, who imagine that Fountains owe 
their Origin to Waters brought from the Sea 
by ſubterraneous Ducts, give a tolerable Ac- 
count how they loſe their Saltneſs by Perco- 
lation as they paſs through the Earth ; but 
find great Difficulty in explaining by what 
Power the Water riſes above the Level of the 
Sea, to near the Tops of Mountains, where 
Springs generally abound ; it being contrary 
to the Laws of Hydroſtatic, that a Fluid ſhould 
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riſe in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
from this Difficulty. The one is that of 
Des CAR TES, who imagines, that after 


the Water is become freſh by Percolation, 
it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface; where meet- 
ing with Rocks near the Tops of Moun- 


| tains in the Form of Arches or Vaults, it 
ſticks to them, and runs down their Sides, 


(like Water in an Alembic) till it meets 


with proper Receptacles, from which it ſup- 
plies the Fountains. Now, this is a mere 
Hypotheſis without Foundation or Probabi- 
lity ; for in the firſt Place we know of no 
internal Heat of the Earth to cauſe ſuch 
an Evaporation; or if that were allowed, yet 
'tis quite incredible, that there ſhould be any 
Caverns fo ſmooth, and void of Protube- 


rances, as to anſwer the Ends of an Alembic, 


in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIUS, Sc.) who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
Tubes by Attraction; but hereby they ſhew, 
that they are quite unacquainted with what 


relates to the Motion of a Fluid through ſuch. 
Tubes. For when a Capillary Tube opens in- 


to a Cavity at its upper End, or grows larger 


* 
A. 
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and larger, fo as to ceaſe to be Capillary at 
that End; the Water will not aſcend through 
that Tube into the Cavity, or beyond where 
the Tube is Capillary ; becauſe that Part of 
the Periphery of the Cavity, which is partly 
above the Surface of the Water, and partly 
below it, is not of the Capillary Kind. Nay, 
if the Cavity is continually ſupplied with 
Water, it will be attracted into the Capil- 
lary Tube, and run down it, as through a 
Funnel, if the lower End is immerged in 
the ſame Fluid, as in this Caſe it is ſuppoſed 
to be. | 8 | 
It has been a generally received Opinion, 
and much eſpouſed by MARRIOTTE (a 
diligent Obſerver of Nature,) that the Rite 
of Springs is owing to the Rains and melted 
Snow. According to him, the Rain-Water, 
which falls upon the Hills and Mountains, 
penetrating the Surface, meets with Clay or 
Rocks contiguous to each other, along which 
it runs, without being able to penetrate them, 
till being got to the- Bottom of the Moun- 
tain, or to a conſiderable Diſtance from the 
Top, it breaks out of the Ground and forms 
Springs. TY 5 
In Order to examine this Opinion, Mr. 
PERRAUIT, De IA Hike, and D. SipE- 
LEAU endeayour'd to make an Eſtimate of 
the Quantity of Rain and Snow, that falls in 


; ® See the foregoing Diſſertation, Sect. 14. 
the 
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the Space of a Year, to ſee whether it would 
be ſufficient to afford a Quantity of Water, 
equal to that which is annually diſcharged' in 
to the Sea by the Rivers. The Reſult of 
whoſe Inquiries was, that the Quantity of 
Rain and Snow which fell in a Year into a 
Cylindrical Veſſel, would fill it (if ſecured 
_ None evaporating) to the Height of about 


nincteen Inches. Which Quantity D. S1D E 


LEAU * ſhewed, was not ſufficient to ſup 
ply the Rivers; for that thoſe of Bain, 


Ireland, and Spain diſcharge a greater Quan- 


tity of Water annually, than the Rain, ac- 
3 to that Experiment, is able to ſup- 
Beſides which, another Obſervation was 
La by them at the ſame Ti ime, V/S. that 
the Quantity of ,Water raiſed in Vapour one 
Year with another, amounted to about Thirty 
two Inches, which is thirteen more than falls 
in Rain: A plain Indication, that the Water 
of Fountains is not ſupplied by Rains and 
melted. Snow. 


Thus, the true Cauſe of the Origin of 


Fountains remained undiſcovered, till Dr. HAl- 


LEY in making his Celeſtial Obſervations upon 


the Tops of the Mountains at St. Helena, about 
eight Nundztd Yards above the Level of the 
Sea, found that the Quantity of Vapour which 


ell there (even when” the Sky was clear) was 


2 Memoirs of the Rom Academy of Sciences for the Year 
1093. 
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ſo great that it very much impeded his Ob- 
ſervations, by covering his Glaſſes with Water 
every half Quarter of an Hour; and upon that 
attempted to determine by Experiment the 
Quantity of Vapour, exhaled from the Surface 
of the Sea, as far as it riſes from Heat; in 
order to try, whether that might be a ſuffi- 
cient Supply for the Water continually dif- 
charged by Fountains. The Proceſs of his 
Experiment was as follows. He took a Veſſel 
of Water ſalted to the ſame Degree with that 
of Sea-Water, in which he placed a Thermo- 
meter; and by means of a Pan of Coals, 
brought the Water to the ſame Degree of 
Heat, which 1s obſerved to be that of the Air 
in our hotteſt Summer: This done, he affix- 
ed the Veſſel of Water with the Thermome- 
ter in it, to one End of a Pair of Scales, and 
exactly counterpoiſed it with Weights on the 
other. Then, at the End of two Hours, he 
found by the Alteration made in the Weight 

of the Veſſel, that about a ſixtieth Part of an 
Inch of the Depth of the Water, was gone off 
in Vaponr ; and therefore in twelve Hours, one 
tenth of an Inch would have gone off. Now 
this accurate Obſerver allows the Mediter- 
ranean Sea to be forty Degrees long and four 
broad; (the broader Parts compenſating vor 
the narrower; ſo that its whole Surface is one 
Hundred and ſixty ſquare Degrees; which ac- 
cording to the Experiment muſt yield at leaſt 
five Thouſand two Hundred and eighty _ 
ons 
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lions of Tons of Water. In which Account, 
no Regard is had to the Wind, and the Agi- 
tation of the Surface of the Sea; both which 
undoubtedly promote the Evaporation. 

It remained now, to compare this Quantity 
of Water, with that, which is daily conveyed 
into the ſame Sea by the Rivers. The only 
Way to do which, was to compare them with 
ſome known River ; ; and accordingly he takes 
his Computation from the River Thames, and 
to avoid all Objection, makes Allowances, 
probably greater than what were abſolutely 
neceſſary. 1 

The Mediterranean receives the following 
conſiderable Rivers, viz. the Iberus, the Rhone, 
the Tibur, the Po, the Danube, the Neiſter, 
the Boryſtenes, the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames ; whereby 
he allows for ſmaller Rivers, which fall int 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20,300,000 
Tons of Water a Day. If therefore the above- 
ſaid nine Rivers yield ten Times as much 
Water as the Thames doth, it will follow, 
that all of them together yield but 1827 Mil- 
lions of Tons in a Day; which is but little 
more than one Third of what is proved to be 
raiſed in Vapour out of the Mediterranean 
in the ſame Time. We have therefore from 
hence a Source abundantly ſufficient for the | 


Suppl of F ountains. | 
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Now having found, that the Vapour exhaled 
from the Sea, is a ſufficient Supply for the 
Fountains ; he proceeds in the next Place to 
conſider the Manner in which they are raiſed z 
and how they are condenſed into Water 
again; and conveyed to the Sources of 
Springs. 

In Order to this he conſiders, that, if an 
Atom of Water was expanded into a Shell 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Air; 
and thereſore would riſe ſo long as the Warmth 
which -firſt ſeparated it from the Surface of 
the Water ſhould continue to diſtend it to 
the ſame Degree; and conſequently, that Va- 
pours may be raiſed from the Surface of the 
Sea in that. Manner“, till they arrive at a cer- 
tain Height i in the Atmoſphere, at which they 
find the Air of equal ſpecific Gravity with 
themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 
heavier than the Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of Mountains, (many of which far ſurpaſs 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them: where being conden- 
ſed into Water they preſently precipitate, and 


* See this confuted in Dilſeration 6. 


gleeting 
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gleeting down by the Otannies of the Stone, 


Part of them enters into the Caverns of the 
Hills; which being once filled, all the oyer- 


plus of Water that comes thither, runs over 


by the loweſt Place, and breaking out by tlie 
Sides of the Hills, forms ſingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to utiite 
form little Rivulets or Brooks: Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Dane; 
which latter, he. obſerves, one would hardly 


think to be a Collection of Water condenſed 


out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs, which 
break out on the South Side of the Carpa- 
thian Mountains, and on the North Side of 


the immenſe Ridge of the Alps; which is one 
continued Chain of Mountains from Switzer- 


land to the Black-Sea. f e 

Thus one Part of the Vapours, which are 
blown on to the Land, is returned by the Ri- 
vers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
the Mediterranean as is raiſed in Vapour. 


A third Part falls on the Low-Lands, et is 
wo | 3 5 
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the Pabulum of Plants, where yet it does not 
reſt; but is again exhaled by Vapour by the 
Action of the Sun, and is either carried by 
the Winds to the Sea, to fall in Rain or Dew 
there, or elſe to the Mountains to become 
the Sources of Springs. . 

However, it is not to be ſuppoſed, that all 


Fountains are owing to one and the ſame 


_ Cauſe; but that ſome proceed from Rain and 
melted Snow, which ſubſiding through the 
Surface of the Earth, makes its Way into cer- 
tain Cavities and thence iſſues out in the Form 
of Springs; becauſe the Waters of ſeveral are 
found to increaſe and diminiſh in Proportion to 
the Rain which falls: That others again, 
eſpecially ſuch as are ſalt, and ſpring near the 
Sea-Shore, owe their Origin to Sea- Water 

rcolated through the Earth; and ſome to 
both theſe Cauſes: Though without doubt 
moſt of them, and eſpecially ſuch as ſpring near 
the Tops of high Mountains, receive their 
Waters from Vapours, as before explained F. 


There is a certain Species of Springs which ebb and flow 
alternately, and ſome that ceaſe to flow for a Time, which from 
_ thence are called reciprocating or intermitting ones. Their Re- 
ciprocations may be accounted for in the following Manner. 

Let ABC repreſent one Side of an Hill in which there 1s a 
Cavity DEF, and from this a ſubterraneous Duct IKL. Now 
as this Cavity fills with Water (ſuppoſe from Vapours perco- 

lating through the Surface of the Hill, or in any other Manner 
whatever) its Surface will riſe in the Du as it does in the Ca- 
vity, till it arrives at M, the Level with the upper Part of the 
Duct; at which Time it will run over at K, filling KLA the 
other Part of the Dutt. Now, if the perpendicular Height of 


the Point K above A be greater than its perpendicular — 
=] | | above 
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above I, the Column KLA will overpoiſe the Column KI, and 
ſo cauſe the Water to run out at A, till its Surface in the Cavity 


ſinks as far as I, (provided the Du is large enough to convey 


the Water away faſter than it enters the Cavity) at which Time 
the Fountain at A will ceaſe to play, till the Surface of the 
Water in the Cavity riſes again to M, and runs over at K as 
before. The Reaſon why the Water continues running (when 


the Duct is once full) till its Surface ſinks to J, is becauſe 


the Air preſſing againſt it as it runs out at A, and alfo upon 
its Surface in the Cavity, keeps the Duct full, as long as the 
Water in the Cavity 1s high enough to feed its Orifice at I. 


See more on this Subject in Philoſoph. Tranſact. No. 119, 
189, 192, 384, 424. Hiſtory de PAcad. 1693, 1703, 1713. 
Gulielmini della Natura de Fiumi. Dale's Hiſtory of Harwich. 
Marriotte's Hydroſtatics, Nieusuentyt Contempt. 19. Yarenius 
Geograph. Cap. 16. Regnault Vol. 2. Converſat. 6. | Hales's 
Statical Eſſays Vol. 1. Experiment 19. Micbolettus in Append. 
ad J, Bernoulli; de Efferveſc. 
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DISSERTATION IV. 


Of the Barometer; 


N treating of the Properties of the Air 

(Chap. III.) I have already taken No- 
tice of the Conſtruction of the common Ba- 
rometer; and proved, that the Aſcent and 
Suſpenſion of the Mercury therein, is owing 
to the Preſſure * of the Air. I proceed now 
to a more particular Inquiry into the Ori- 
ginal, and Uſe of this Inſtrument; and tlie 
different Forms under which it has appeared, 
ſince the Time of its Inventor Torricelli. 


In 


Jo fay the Aſcent and Suſpenſion of the Mercury is owing 
to the Preſſure and Elaſticity of the Air, as is commonly done, is 
inaccurate. The Variation, indeed, in the Height of the Mercury, 

may be aſcribed. to the Elaſticity of the Air, but no otherwiſe, 
than as to its remote Cauſe ; vx. as it occaſions an Alteration in 
the Quantity of Air, impending over the Place where the Varia- 
tion happens; which alters its Weight, and ſo the Mercury is 
2 raiſed or depreſſed. To illuſtrate this, let it be 
uppoſed, that the Air is every where in Æquilibrio, quite round 

the Globe, and at perfect Reſt; and then, that its Elaſticity, in 
ſome one Place near the Surface of the Earth, is augmented by the 
Heat of the Sun, all the reſt of it remaining as before. The Con- 
ſequence of this will be, that the ſuperior Part of the Atmoſphere, 
over this Place, will be raiſed higher by the Expanſion of the 
inferior Air; and therefore, being unconfined, will ſpread itſelf, 
every way, over the neighbouring Columns, which we ſuppoſe 
to retain their former State. The Quantity of Matter there- 
fore in thoſe Columns of Air, in whoſe lower Parts its Elaſticity 
was increafed, will be diminiſhed, and that of the neighbouring 
| - | : ones 
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In the Beginning e eee it was 
a prevailing Opinion anſong Philoſophers, that 
the Univerſe was full of Matter; and that Na- 
ture (as they expreſſed it) abhorred a Vacu- 
um : Accordingly they imagined, that if a 
Fluid was ſucked up a Pipe with a ſufficient 
Force, it would riſe to any Height whatever; 
ſince Nature would not ſuffer any Part of the 
Pipe to be empty. Galilæo, who flouriſh- 
ed about that Time, found upon Trial, that 
the common Pump would not raiſe Water, 
unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well +: From 
hence 


—_ 


ones augmented. A Barometer therefore placed in thoſe Regions, 
where the Air was rarified, will ſubſide ; while one in the neigh- 
bouring Countries will aſcend ; and they will continue at different 
Heights, till the denſer Air, ruſhing in upon the rarihed, reſtores 
> the Zquilibrium. Thus we ſee, the Variation of the Air's Elaſ- 
ticity is not the z2v7ediate Cauſe of the Variation in the Barome- 
ter; it firſt affects the Weight of the Air, by altering the Quan- 
tity incumbent over any Place, and that affects the Barometer. 
But, if we may have Recourſe to remote Cauſes, we may, if we 
pleaſe, go one Step farther ; and fay, the Aſcent and Suſpenſion 
of the Mercury is owing to the Heat of the Sun ; for by the 
foregoing Inſtance, a Variation in the Height of the Sun may 
ſometimes be the occaſion of a Variation in the Height of the 
Mercury. | | 
Neither is the Suſpenſion of the Mercury, in a Tube, that is 
kept within Doors, to be aſcribed to the Elaſticity of the Air; for 
that exerts no Force, but as the internal Air is preſſed by the exter- 
nal, which endeavours to get in, waere-ever it can find a Way. 
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It is a common Notion, that a ſucking Pump will not raiſe 
Water above thirty-three Feet, whereas it will raiſe it to any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
the Surface of the Water ; as will be evident to any one that con- 

ders the Structure of the Pump: For all the Water, which has 
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hence he judiciouſly inferred, that a Column 
of Water thirty-three Feet high was a Coun- 
terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 
moſphere ; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Torricelli, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water, of 
about thirty-three Feet, was equal in Weight 
to a Column of Air, of the ſame Baſe $z a 
„ OS Tots: 


once paſſed through the Valve in the Sucker, is ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 
together with the Water between that and another placed in the 
Pump below, is ſupported by that other ; ſo that the Height of 
the Water above the Sucker can be no Impediment to the 
riſing of the Water below the Sucker, whatever the Length of 
the Column, which it forms, may be. The placing one Pump 
above another, where Water is to be raiſed from great Depths, is 
rather for Strength and Conveniency, than out of Neceſſity. 


$ Perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed to have an equal Baſe with the ſuſ- 
pended Column in the Tube; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury. The Reaſon is, 
that, as the Baſe of the Column of Air increaſes, in the ſame Pro- 
portion the Velocity, wherewith it deſcends, decreaſes, when it 
forces down the Surface of the Mercury in the Baſon; conſe- 
quently its Moment, or Preſſure upon the Surface of the ſtagnant - 
| Mercury (fo far as it relates to the ſuſpending of it in the Tube) 
is no greater, than it would have been, had its Baſe been equal 
to that of the ſuſpended Column; and therefore, in conſidering 
it as ſuſpending a Fluid in a Tube, it is properly enough ſai 
to be a Column of ſuch a Baſe. 8 | 
Neither is this Suppoſition inconſiſtent with the ninth Propoſi- 4 
tion of the firſt Chapter, where it is demonſtrated, that the Preſ- 
ſure of a Fluid is in Proportion to its perpendicular Height, and | : 
the Quantity of Surface, againſt which it preſſes. For, as the 
Surface of the Mercury may be conſidered as a Baſe on which the 
„ M2 Column 
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86 Of the Barometer. Part II. 
Column of Mercury, no longer than about 

twenty-nine Inches and a half, would be ſo too; 
ſuch a Column of Mercury being as heavy, as 
thirty-three Feet of Water. Accordingly he 

tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. & 4.) and 


found it to ſucceed {. The Apparatus he made 


Uſe 


Column of Air reits, ſa the Baſe of the Column of Air may be 
conſider'd as a Surface againſt which the Mercury preſſes. Theſe 
two being equal, tis clear, that only the Relation of the Heights 
of the Columns are to be conſidered, and not that of their Baſes. 


4 Notwithſtanding this clear Proof of the Preſſure of the 
Atmoſphere, the Aſſertors of a Plenum would by no Means be 
prevailed upon to allow it to be ſuch ; but tried all Ways to 
account for this Phenomenon from ſome other Cauſe. The moſt 
chimerical Solution, and which at the ſame Time gave the ad- 
verſe Party the greateſt Difficulty to overthrow, was that of 
Linus, He contended, that in the upper Part of the Tube, there 
is a Film, or Rope of Mercury, extended thro! the ſeeming Va- 
Cuity, and that the reſt was ſuſpended by it, and kept from fal- 
ling into the Baſon ; and that this Film is able to ſupport about 
twenty-nine Inches of Mercury. He confirms his Hypotheſis by 
the following Experiment: Take, ſays he, a ſmall Tube, open 
at both Ends, ſuppoſe about twenty Inches long ; fill this Tube 
with Mercury, ſtopping the lower Orifice with your Thumb: 
'Then cloſing the upper with your Finger, and immerging the 
lower in ſtagnant Mercury, you ſhall perceive, upon the Re- 
moval of your Thumb, a manifeſt Suction of your Finger into the 
Tube; and the Tube and Mercury will both ſtick ſo cloſe to it, 
that you may carry them about the Room. Therefore, ſays 
he, the internal Cylinder of Mercury in the Tube is not held 
up by the preponderant Air without ; for if ſo, whence comes 
ſo ſtrong a Suction, and ſo firm an Adheſton of the Tube to 
your Finger 7 © | 
Or if you fill the ſame Tube almoſt full of Mercury, leaving a 
little Space of Air within, and then immerge it in the ſtagnant 
Mercury, you will find, that, notwithſtanding its Surface is at 
ſome Diſtance from your Finger, there will be a conſiderable Suc- 
A ee bien, 
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Uſe of, is now the common Barometer, or 


Weather Glaſs *. 15 


The Mercury ſtanding at a leſs Height, the 
nearer it is carried to the Top of the Atmoſphere, 


tion of it, as before. From hence he infers, that the Finger ſup- 
ports the Mercury, by Means of the abovementioned Film, and 
that the Preſſure of the Atmoſphere is not concerned. | 
But, when it was found, that the Mercury would not ſtand 
ſo high in the Tube, on the Top of a Mountain, as below ; 
and would quite fall, when the circumambient Air was extracted 
from it by the Pump, all Objections vaniſhed ; and Linus's 
funicular Hypotheſis (as it was called) though it ſeemed to ſolve 
all other Phenomena relating to the Suſpenſion of the Mercury, 
was with Juſtice rejected. | : 
Kircher, when this new Doctrine of a Vacuum was firſt advan- 
ced at Rome, contended, that the Authors of it were eſtabliſhing 
Principles not only repugnant to thoſe of Nature, but ſuch as 
would be prejudicial to the Orthodox Faith ; as endeavouring to 
evince by this ſubtle Experiment, that there might be in Nature 
locatum fine loco, accidentia fine ſubjecto, and therefore made the 
Experiment with Water, in the following Manner. He cauſed a 
ſmall Bell to be fixed in the upper Part of the Tube, umagining, 
that, if there ſhould be a Yacuum, the Bell would not be made 
to ſound : But in making the Experiment, ſome Air got into the 
Tube (for he tells us, that but ten Feet of Water remained in the 
Tube, after it was inverted) the Bell therefore was heard to 
ſound ; and ſo the Notion of a Vacuum, till more accurate Expe- 


riments evinced the contrary, was exploded with Contempt. 


_ * Huygens obſerved, that, if a Tube ſeventy-five Inches long, 
was filled with Mercury well purged of its Air, the whole Quan- 
tity of Mercury would remain ſuſpended ; whereas, according to 
the Torricellian Experiment, the Mercury ought to have ſub- 
ſided to the Height of about twenty-nine Inches. 

The Cauſe of this Phenomena ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was preſſed into fo 
Cloſe Contact with the Glaſs in pouring in, that by the mutual 
Attraction of Coheſion between the Mercury and the Glaſs, the 
whole Column was ſuſtained, after the Tube was inverted. 
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88 O the Barometer. Part II. 
(Chap. III. §. 7.) renders it uſeful in determin- 
ing the Height of Mountains; and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr Halley has given us a 
Table for that Purpoſe, in the Philoſophical 
Tranſactions N®. 181, ſhewing how many Feet 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Topof a Moun- 
tain, or other elevated Place. And Dr. Nertleton 
has done the like in the Philoſophical Tranſac- 
tions No. 388, ſhewing what Number of Feet 

anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty-one Inches of Mercury. 

But the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wea- 
ther, which are conſequent thereon, To this 
End, Dr. Halley in the ſame Tranſaction has 
alſo laid down the more remarkable Phaenc- 
mena, relating to the different Heights of the 
Mercury at difterent Times, together with the 

Solution of each; which are ſo juſt, and fo 
agreeable th true Philoſophy, chat I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than to 
render it imperfect, by endeavouring to vary 
from it, or abridge it. 


wp In calm Weather, when the Air is in- 
te clined to Rain, the Mercury is commonly 


e low. 
60 In 
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© 2. In ſerene, good, and ſettled Weather, 
the Mercury is generally high, 


« 4. Upon very great Winds, though they 


be not accompanied with Rain, the Mercury 
ſinks loweſt of all, with Relation to the 
Point of the Compaſs the Wind blows upon. 

4. Cæteris paribus, the greateſt Heights 
of the Mercury are found upon eaſterly and 
north-eaſterly Winds. 

5. In calm froſty Weather, the Mercury 
generally ſtands high. 
© 6. After very great Storms of Wind, 
when the Mercury has been low, it gene- 
rally riſes again very faſt. 

&« -, The more northerly Places have greater 
Alterations of the Baromemer, than the 
more ſoutherly. 

« 8, Within the Tropics, and near them, 
thoſe Accounts we have had from others, 
and my own Obſervations at St. Helena, 
make very little or no Variation of the 
Height of the Mercury in all Weathers. 
Hence I conceive that the principal Cauſe 
of the Riſe and Fall of the Mercury, is from 
the variable Winds, which are found in the 
temperate Zone, and whoſe great Uncon- 
ſtancy, here in England, is moſt notorious. 
A ſecond Cauſe is the uncertain Exhalation 
and Precipitation of the Vapours lodging in 
the Air, whereby it comes to be at one Time, 


much more crouded than at another, any 
& COM” 


90 Of the Barometer. Part II. 
ec conſequently heavier, but this latter in a great 
e Meaſure depends upon the former. Now, 
<« from theſe Principles, I ſhall endeavour to 
<« explicate the ſeveral Phenomena of the Ba- 
e rometer, taking them in the fame Order I 
laid them down, Thus, 

« x. The Mercury's being low, inclines it 
veto rain, becauſe the Air being light, the 
* Vapours are no longer ſupported thereby, 
e being become ſpecifically heavier than the 
« Medium -wherein they floated, ſo that they 
c deſcend towards the Earth, and in their Fall, 
a meeting with other aqueous Particles, they 
* incorporate together, and form little Drops 
* of Rain; but the Mercury's being at one 
te Time lower than at another, is the Effect of 
* two contrary Winds blowing from the Place 
© where the Barometer ſtands ; whereby the 
* Air of that Place is carried both Ways from 
* it, and, conſequently, the incumbent Cylin- 
* der of Air is diminiſhed, and accordingly the 
te Mercury ſinks: As for Inſtance, if in the 
© German Ocean it ſhould blow a Gale of 
« weſterly Wind, and at the fame Time an 
« eaſterly Wind in the Tri/þ Sea; or if in 
France it ſhould blow a northerly Wind, 
«© and in Scoland 2. ſoutherly ; it muſt be 
“ granted, that that Part of the Atmoſphere 
ee impendant over England, would thereby be 
© exhauſted and attenuated, and the Mercury 


© would ſubſide, and the Vapours, geo 
© Tore 
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* fore floated in thoſe Parts of the Air of 
© equal Gravity with themſelves, would fink 
to the Earth 

<« 2. The greater Height of the Barometer 
is occaſioned by two contrary Winds blow - 
* ing towards the Place of Obſervation, where- 
<* by the Air of other Places is brought thither 


© and accumulated; ſo that the incumbent 
“ Cylinder of Air, being encreaſed both in 


« Height and Weight, the Mercury prefſe& 


" thereby muſt needs ſtand high, as long as 
«© the Winds continue ſo to blow; and then 
the Air being ſpecifically heavier, the Va- 
* pours are better kept ſuſpended, ſo that they 
© have no Inclination to precipitate and fall 
* downin Drops, which is the Reaſon of the 
* ſerene good Weather which attends the 
is: greater Heights of the Mercury, 
© 2, The Mercury ſinks the loweſt of all by 
c the very rapid Motion of the Air in Storms 
* of Wind. For the Tract or Region of the 
ce Earth's Surface, wherein the Winds rage, 
«© not extending all round the Globe, that 
* ſtagnant Air which is left behind, as like- 
e wiſe that on the Sides, cannot come in ſo 
e faſtas to ſupply the Evacuation made by ſo 


te ſwift a Current, ſo that the Air muſt neceſ= 


e farily be attenuated, when and where the 


*© ſaid Winds continue to blow, and that more 


ce or leſs, according to their Violence: add 


* 008 which, that the horizontal Motion of the 
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92 Of the Barometer. Part II. 

& Air being ſo quick as it is, may, in all Pro- 
ce bability, take off ſome Part of the perpendi- 
« cular Preſſure thereof; and the great Agi- 
ce tation of its Particles is the Reaſon why the 
< Vapours are diſſipated, and do not condenſe 
into Drops, ſo as to form Rain, otherwiſe 


«© the natural Conſequence of the Air's _ 


2 faction 


« 4, The Mercury ſtands the higheſt upon 
« the eaſterly and north-eaſterly Wind, be- 
© cauſe in the great Atlantic Ocean, on this 
te Side the thirty- fifth Degree of north Lati- 
* tude, the Winds are almoſt always weſter- 
« ly or ſouth-weſterly; ſo that whenever 
<« here the Winds come up at eaſt and north- 
< eaſt, 'tis ſure to be checked by a contrary 
& Gale as ſoon as it reaches the Ocean; where- _ 
ce fore, according to what is made out in our 
<* ſecond Remark, the Air muſt needs be heap- 


. 
A 


4 The Roden the Dede e e the ee Mer 


cury the loweſt of all in violent ſtorms of Wind, ſeems not ſuf- 
ficient. Perhaps it may be better accounted for thus ; the Cauſe 


why the Wind blows at all, is in order to reſtore the Equilibrium 
of the Atmoſphere, when Joſt (as may beinferred from what was 
ſaid in the firſt Note of this, and will be more largely explained 
in the following Diſſertation ) it therefore always blows towards 
that Point, where the Air is moſt rarefied and lighteſt. Now the 
Air in its Progreſs to that Point, muſt certainly move faſter and 
faſter; for the Cauſe which gave it Motion at firſt, continues to 
to act upon it all the Way. Conſequently, in whatever Place the 
Wind blows with great Rapidity, that Place is at, or near the 
Point, where the Air is moſt rarefied, and lighteſt ; which is a 


| ſufficient Reaſon for the Mercury's ſtanding low at that Place. 


« ed 
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* ed over this Ifland, and conſequently the 
«© Mercury muſt ſtand high, as often as theſe 
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Winds blow. This holds true in this Coun- 

, but is not a general Rule for others, 
where the Winds are under different Cir- 
cumſtances ; and I have ſometimes ſeen the 
Mercury here, as low as twenty-nine Inches 
upon an eaſterly Wind, but then it blew ex- 


ceeding hard, and ſo comes to be accounted 
for, by what was obſerved upon the third 
<© Remark. 


« 5. In calm froſty Weather the Mercury 
generall ſtands high, becauſe (as I con- 

ceive) it ſeldom freezes, but when the Winds 

come out of the northern, and north-eaſtern 
Quarters; or, at leaſt, unleſs thoſe Winds 
blow at no great Diſtance off : For the 
north Parts of Germany, Denmark, Swe= 
den, Norway, and all that Tra& from 
whence north-eaſtern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter ; and thereby the lower Air is very 
much condenſed, and ir that State is brought 
hitherwards by thoſe Winds, and being ac- 


cumulated by the Oppoſition of the weſter.- 


ly Wind blowing in the Ocean, the Mer- 
cury muſt needs be preſſed to a more than 
ordinary Height; and, as a concurring 
Cauſe, the ſhrinking of the lower Parts of 


the Air into leſſer Room by Cold, muſt 
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| Part II. 


needs cauſe a Deſcent of the upper Parts of 
the Atmoſphere, to reduce the Cavity made 
by this Contraction to an ÆAquilibrium. 


0 Fx After - great Storms, when the Mer- 


cury has been very low, it generally riſes 
again very faſt: I onee obſerved it to riſe 
one Inch and a half in leſs than fix Hours, 
after a long continued Storm of ſouth-weſt 
Wind. The Reaſon is, becauſe the Air be- 
ing very much rarefied, by the great Eva- 
cuations which ſuch continued Storms make 
thereof, the neighbouring Air runs in the 
more ſwiftly, to bring it to an ÆAguilibri- 
um ; as we ſee Water runs the taſter for 
having a greater Declivity. 

. The Variations are greater in the more 
northerly Places, as at Srockbolm, greater 
than that at Paris (compar'd by M. Paſ- 
chal ;) becauſe the more northerly Parts 


have uſually greater Storms of Wind than 


the more ſoutherly, whereby the Mercury 
ſhould fink lower in that Extream ; and 
then the northerly Winds bringing the more 
denſe and ponderous Air from the Neigh- 
bourhood of the Pole, and that again being 
checked by a ſoutherly Wind at no great 
Diſtance, and ſo heaped, muſt of Neceffity 
make the Mercury in ſuch Caſe ſtand higher 
in the other Extrem. 


<8, Eaſt, 
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« 8, Laſtly, this Remark, That there is 

* little or no Variation near the Equinoctial, 
e does above all others confirm the Hypothe- 
s of the variable Winds being the Cauſe of 
« theſe Variations of the Height of the Mer- 
ce cury ; for in the Places above-named, there 
„ is always an eaſy Gale of Wind blowing 
*© nearly upon the ſame Point, vi g. eaſt-north= 
« eaſt, at Barbadoes, and eaſt-ſouth-eaſt at 
« St, Helena , ſo that there being no contra- 
6 ry Currents of Air to exhauſt or accumulate 
e it, the Atmoſphere continues much in the 
te ſame State: However, upon Hurricanes 
*© (the moſt violent of Storms) the Mercury 
has been obſerved very low, but this is but 
* once in two or three Years, and it ſoon re- 
? covers its ſettled State about 29 z Inches.“ 


| Monſieur Leibnitꝝ accounted for the De- 
ſcent of the Mercury before Rain, upon an- 
other Principle +, viz. as a Body ſpecifically 
lighter than a Fluid, while it is ſuſpended by 
it, adds more Weight to that Fluid, than 
when, by being reduced in its Bulk, it be- 
comes ſpecifically heavier, and deſcends; fo 
the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 
the Air, than before ; and therefore the Mer- 


® See the Cauſe of this aſſigned in the following Diſſertation. 
+ Memoir, de I Acad. 1711; | 


— y 


96 Of the Barometer. Part II. 
cury falls. To which it is anſwered, 1/. 
That when a Body deſcends in a Fluid, its Mo- 
tion, in a very little Time, becomes uniform, 
(or nearly ſo) a farther Acceleration of it be- 
ing prevented by the Reſiſtance of the Fluid; 
and then, by the third Law of Nature, it preſ- 
ſes the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 2dly. The Mercury, by its Deſcent, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 
falling. 3dly. Suppoſing that as many Va- 
rs, as fall in Rain, during the Space of a 
whole Year, where at once to be condenſed 
into Clouds, and even quite ceaſe to gravitate 
upon the Air, its Gravity 'would ſcarce be di- 
miniſhed thereby, ſo much as is equivalent 
to the Deſcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain Sea- 
ſons, in very great Quantities *, and yet the 
Barometer ſhews there very little or no Altera- 
tion in the Weight of the Air. 
The following are Mr. Patrick's Obſervas 
tions on the riſing and falling of the Mercury. 
They are very juſt, and are to be accounted 


® See Diſſertation the VI. * 
O 
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for on the ſame Principles with thoſe of Dr. 
Halley. 


cc x, The riſing of 1 Mercury preſages in 
te general fair Weather; and its falling, foul 


Weather; as Rain, Snow, high Winds and 


25 Storms. 
&« 2, In very hot Weather, the falling of 
0 the Mercury chu Thunder. 
3. In Winter the riſing preſages Froſt ; 
« and in froſty Weather, if the Mercury falls 
cc three or four Divi, there will certain- 
« y follow a Thaw. But in a continued 
- © Froft;" of ene en riſes, it will certain 
9 Y ſnow. 
4. When foul Weather happens ſoon after 
Fc the” Falling of the Mercury, expect but little 
of it. And, on the contrary, expect but 
<« little fair Weather, when it proves fair 
6s ſhortly after the Mercury has riſen. - 
In foul Weather, when the Mercury 
« riſes much and high, and ſo continues for 
cc two or three Days before the foul Weather 
ce is quite over, then expect a Continuance of 
e Weather to follow. | 
«6, In fair Weather, when the Mereury 
& falls much and low, and thus continues for 
** two or three Days before the Rain comes; 
then expect a great deal of wet, and pro- 
<© bably high Winds. 
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98 Of the Barometer. Part II. 
« 7. The unſettled Motion of the Mercury 

& denotes uncertain and changeable Weather. 
«<8, You are not fo ſtrictly to obſerve the 

e Words engraved on the Plates (though, for 
ce the moſt Part, it will agree with them) as 
e the Mercury's Ning and Falling: For if 
ce it ſtands at Much Rain, and then riſes up 
ee to Changeable, it preſages fair Weather, al- 
te though not to continue ſo long, as it would 
ve have done, if the Mercury were higher: 
And ſo on the contrary, if the Mercury 
© ſtood at Fair, and falls to Changeable, it 
<< preſages foul Weather; though not ſo much 

of it, as if it had funk down lower.“ 
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From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury in 
the Tube, that indicates the Weather, as the 
Motion of it up and down; wherefore in Or- 
der to paſs a right Judgment of what Weather 
is to be expected, we ought to know, whe- 
ther the Mercury is actually Rz/ng or Fall- 
ing, to which End, the — Rules are 
of Uſe. | 


1, If the Surface of the Mercury is convex, 
ſtanding higher in the Middle of the Tube than 
at the Sides, it is generally a Sign that the 
Mercury is then riſing. 

2. If the Surface is concave, or hollow in 
the Middle, it is ſinking. And, 1 
37 44 


Diſſert. IV. Of the Barometer. qi 
3. If it is plain, the Mercury is ſtationary; or 
father, if it is a little convex; for Mercury 

being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally have its Surface a little 
convex; becauſe the Particles of Mercury at- 
tract each other more forcibly than they are 
attracted by Glaſs. Further, 

4. If the Glaſs is ſmall, ſhake the Tube; | 
and if the Air is grown heavier, the Mercury 
will riſe about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
it will ſink as much. This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
it ought always to be ſhaken firſt, for ſome- 

times the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is preſent. 


The Uſefulneſs of knowing, whether the 
Mercury is actually riſing or falling; and the 
Advantage that would ariſe from perceiving 
the moſt minute Variations in eſtimating the 
Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torrice/lian, though founded on 
the ſame Principle; wherein the Scale of Vari- 


ation, which i in that is not above three Inches, 
0 l — ould 


100 Of the Barometer. Part II. 
ſhould be conſiderably larger. Of which I am 
now to give ſome Account. 

1. The firſt is that of Des Cartes, which was 
made in the Form expreſſed, Fig. 28. where 
Ah is a Tube hermetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnant 
Mercury E F, and filled with the ſame Fluid 
to G, from thence to H with Water, andemp- 
ty from thence to the Top. Now when the 
Mercury riſes in this Tube, ſuppoſe from G to 
L, the Water will be raiſed in the ſmall Tube, 
perhaps from H to M, viz. as many Times 
further, as the Tube CA is ſmaller than CD; 
by which Means the Variations become much 
more ſenſible, than they are in the common 
Barometer. The Inconvenience of this was, 
that the Air, included in the Water, getting 
looſe by Degrees, filled the void Space at the 
Top, and ſo ſpoiled the Machine. 5 

2. He then contrived it thus, ABC (Fig. 29.) 
is a bent Tube hermetically ſealed at A, filled 
with Water from F to D (tinged with Agua 
Negia to prevent its freezing) from D to E with 

Mercury, and empty from thence to the Top. 
Then, upon the Mercury's riſing, ſuppoſe from 


* A Tube is ſaid to be hermetically ſealed, when the End is ſo 
cloſed, that nothing can poſſibly evaporate through it. And, be- 
cauſe this is beſt done, when it is cloſed up with its own Sub- 
ſtance ; or when its Bore does not reach quite to the End of it, it 
is then ſaid to be hermetically ſealed. ES 
7 a E to 
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E to M, and falling as much at D, the Surface 
of the Water at F would ſink ſo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was ſmaller than GH, The 
Water here is liable to evaporate, though that 
may, in ſome Meaſure, be prevented, by pour- 
ing a few Drops of Oil of ſweet Almonds 
upon it. Others have contrived 
3. The Horizontal or Rectangular Barome- 
ter (Fig. 30.) hermetically ſealed at A, and 
filled with Mercury from D to E; then as the 
upper Surface of it riſes in the Tube, ſuppoſe 
from E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
behind. This Inconvenience is remedied in 
4. The Diagonal Barometer ABC (Fig. 31.) 

wherein the Mercurv, inſtead of riſing from B 
to D (ſuppoſe that Space to correſpond to the 

Scale of Variation in a ſtrait Tube) will riſe 

from B to A; for it will always ſtand at the 
ſame perpendicular Height, whatever be the 
Inclination of the Tube; becauſe Fluids preſs 
only according to their perpendicular Alti- 
tude *, But the Tube AB muſt not be too 
much inclined, leſt the Mercury break in it, 
as in the former. 


Chapter I. F. 9. | 
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5. AB (Fig. 32.) is Dr. Rook's Wheel- 
Barometer, wherein ABD is a Tube filled 
with Mercury from à to E; à is an Iron Ball, 
ſwimming on the Surface of the Mereury this 

as it ſubſides with the Surface of the Mercury, 

draws the little Wheel n round, to whoſe 

Circumference it is fixed by Means of the 
String a c *: This Wheel carries the Index 
P Q, which points to the graduated Edge of 
the Circle KL, and by its Motion ſhews the 
moſt minute Variations of the Mercury. 
When the Ball 2 is raiſed by the Mercury 
on which it ſwims, the Index is drawn the 
contrary Way by a leſſer Ball 4, which hangs 
on the other Side the Wheel. The Friction 
in this Machine, unleſs it be made with great 
Accuracy indeed, renders it uſeleſs. 

6. The pendent Barometer is another Con- 
trivance to render the Variations more ſenſible. 
It confifts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
thence to A, Now, ſuppoſing the Gravity of 
the Air encreaſed, it will raiſe the Mercury 

higher in the Tube, and ſo force it into a nar- 
rower Part ; by which Means the Column be- 
„ coming longer, its perpendicular Preſſure upon 
the Air * will be n encreaſed. 
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The Tube is ſmaller at à than at I, that the ore: tel Varia- 
” tion may be at thay Surface of the Mercury on which the Ball 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 


the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 


Inconvenience that attends this Barometer, is 


that the Tube muſt be very ſmall, otherwiſe 


the Mercury will fall out; or the Air will be 


apt to get into it, and divide the Column in ſe- 


veral Places; and when the Tube is very ſmall, 
the Friction of the Mercury againſt the Sides 


of it, will hinder it from riſing and falling 
freely. 
7. Dr. Hook, obſerving how unfit the com- 
mon Barometer, was to be uſed on Board of 
Ship, by Reaſon its Poſition ought to be ſteady, 


contrived the following one, called, from its 


Uſe, a Marine Barometer, conſiſting of two 
Parts, the one AB (Fig. 34.) the common 
Spirit Thermometer, the other CD, a Tube fil- 
led with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
immerged in the ſame Fluid contained in the 
Veſſel G F; and having its Surface expoſed to 
the Preſſure of the external Air. Now, thelaſt 
of theſe Machines will be affected both by the 
Warmth of the external Air, and alſo by its 
Preſſure : The former dilating the Air includ- 


ed in CE, and by that Means driving the Wa- 


ter downwards; Hr latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, 1s 


affected by the Wn of the Air alone. Con- 
ſequently, 
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ſequently, were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex- 
ternal Air ſhould always remain the ſame it 
was, when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 
ſhould exactly correſpond with each other; 


that is, when the Spirit in the Tube A B, 
Kould aſcend to 1, the Water in C D, ſhould 


deſcend to 1, &c. 'Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difference could only be aſcribed 
to ſome Alteration in the Preſſure of the Air 
upon the Surface of the Water in the Veſſel 
GF. In Proportion therefore as the Diffe- 
rence is greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was when 
the Inſtruments were adjuſted. For Inſtance, 

when the Water ſtands above the Diviſion, 

which correſponds to that, which the Spirit 
points to in the other Machine, it is an Indica- 


tion, that the Preſſure of the Air is greater at 


that Time, than when the Inſtruments were 
graduated, and vice verſd. 


This Machine is not only more uſeful at 
Sea, than the common one, as not requiring 


a ſteady Poſition; but may have its Scale of 


Variation conſiderably enlarged, by making 


the Bore of the Tube C D'very ſmall, in Pro- 


portion to the Capacity of its Head C. 


But 
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haut it is obſerved, that in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 
the Water ſtands higher than it ought, and 
therefore indicates tlie Gravity of the Air to 
be greater than what it is. 
In the Philoſophical Tranſactions No. 427. 
T have given an Account of a Barometer, 
wherein the Scale of Variation may be en- 
creaſed ad Inſinitum. The Deſcription of it 
is as follows: ABCD (Hg. 35.) is a cy- 
| lindrical Veſſel, filled with a Fluid to the 
Height W, in which is immerged the Baro- 
meter 8 V, conſiſting of the following Parts: 
The Principal of which is a Glaſs Tube, T P 
(repreſented ſeparately at *Þ) whoſe upper 
End T is hermetically ſealed : This End 
does not appear to the Eye, being received 
into the lower End ofa Tin Pipe G H, which 
in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST may be taken off, in 
Order to put in its ſtead a larger, or lefler, 
as Occaſion requires. S is a Star at the Top 
of the Rod ST, and ſerves as an Index, by 
pointing to the graduated Scale L A, which is 
fixed to the Cover of the Veſſel ABCD. 
MN is a large cylindrical Tube made of 
Tin ( repreſented ſeparately at n) which 
receives in its Cayity the ſmaller Part. of 
the Tube TP, and is w ell cemented to it 
at 
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Parts annexed will be heavier by a cubic Inch of the Fluid. 
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at both Ends, that none of the Fluid may get 


in. 


The Tube TP, with this Apparatus, being 


filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 


upon the lower End of the Tube MN, moſt 
be ſo poized, as to float in the Liquor con- 


tained in the Veſſel AB C D, and then the 


whole Machine will riſe, when the Atmoſ- 


_ phere becomes lighter, and vice verſe. 


I ſhall hereadd a Computation, in Order to 
ſhew the Poſſibility of the Variation being 


infinite, upon a given finite Variation of the 


Weight of the Atmoſphere, and withal, the 


Reaſon why it may be ſo. Thoſe who would 


ſee a Mathematical Proof of i it, may conſult 
the Note below. * | 
Let 


* Let the ſpecific Gravity of Quickfilver be to that of Water, 
or to the Liquor the Barometer floats in, as 7 to 1; and if it be 


| * ropoſed, that the Variations in this compound Barometer ſhall 


to the contemporary Variations of the common Barometer in 
the given Ratio of x to 1, this Effect will be obtained, by making 
— of the 7 ST to the Diameter of the Cavity of the 


= 1, which may be thus demonſtrated. 


Let us ſuppoſe, mat the Variation in che Height of the Quick. 
filver in the common Barometer, which we will call w, is ſuch, 

that a cubic Inch of Quickſilver ſhall riſe into the Vacuum XT; 
in Order to which, a cubic Inch of Quickſilver muſt riſe from 
the Veſſel V; that i-, the Surface P muſt ſubſide fo far, that a 
cubic Inch of Water (if that be the Fluid made Uſe of) ſhall 
enter the Veſſel V, by which Means the Barometer with the 
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Let it be ſuppoſed, that the Fluid made uſe 
of is Water, and that the given Variation in 
the Weight of the Atmoſphere is ſuch, that, 


Now this additional Weight of a cubic Inch of Fiuid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
droſtatics) till a cubic Inch of the Rod HS; immediately extant 
above the Surface at W, ſhall come under it; bat the Length of 
ſuch a Magnitude of HS will exceed the Length of an equal Mag- 
nitude of Quickſilver in the larger Tube X, as many Times as the 
Square of the Diameter at X exceeds the Square of the Diameter 
at H (the Lengths of equal Cylinders being reciprocal to their 
Baſes.) That is, the et ear Deſcent of the compound Ba- 
rometer will be to v, the perpendicular Aſeent of the Mercury 
in the common Barometer, as 4 to 1 (ſuppoſing this the Ratio 
of their Baſcs, and conſequently will be equal to dv. . 

But, by this Deſcent, the Diſtance PW, between the Surfate of 

the ſtagnant Quickſilver and the Top of the Fluid, will be aug- 
mented by a Column, whoſe Height is dv, the Deſcent of the 
compound Barometer ; and conſequently the Weight of the whole 
Column of the Fluid preſſing on the lower Surface of the Quick 
filver (to which the Height X is partly owing) will be encreaſed 
by a Column of that Length z and this Increaſe would produce a 
ſecond Aſcent of the Mercury at X equal to itſelf, namely, dw; 
were the Fluid as heavy as Quickſilver; but ſince it is ſuppoſed to 
be lighter in the Ratio of s to 1, the Aſcent of the Quiekſilver, 
on this Account, will only be = 
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But now, as in the former Caſe; when the Aſcent of the Mer⸗ 
cury was v, the Deſcent of the compound Barometer was ſhewn. 
1 dy 
to be dv; ſo here, the Aſcent of the Mercury being == the De- 
| | d d 53 | 
ſcent of the compound Barometer will be and the next De- 
dd 44 3 W 
ſ cent and the next and ſo on to Infinity. There- 
"£83 „ | * 
fore the whole Deſcent of the compound Barometer, is to the Aſ- 
cent of the Mercury in the common Barometer, that is, 2 is to 1 
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cauſe the Terms of the Series being-in geometrical Proportion, 
| | the 
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by preſſing upon the Surface of it at W, the Sur- 
face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) than 
before; and that the Breadth of the Cavity of 
the Tube at X, and of the Baſon at P are dach, 
that by this Aſcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 
than before, and conſequently in the Baſon a 
cubic Inch leſs. Now upon this Suppoſition, 
there will be a cubic Inch of Water in the Ba- 
ſon more than there was before ; becauſe the 
Water will ſucceed the Mercury to fill up its 
Place. Upon this Account the whole Ma- 
chine will be render'd heavier than it was 
before, by the Weight of a cubic Inch of Wa- 
ter, and therefore will ſink, according to the 
Laws of Hydroſtatics (Chap. II. J. 5. .) till a 
cubic Inch of that Part of the Rod WO. which 


1 PE I IS 
2 * — 2 
— —— —— — OTA * 
* — * - — 


— 


— —— 


——— ——— 


—— — — — WHO G0” 
PEE IPD... 2 * 


— — 


* 
b i 
4 N 
1 
. 

; 


As 
the Sum of them all is Hence we wid g== and there- 
| 7524 N 3 8 5 
fore ns d. dn; that is, 1: 4: : 1 / : ::— : 1; 


ns 
and therefore, by extracting the ſquare Roots of each Term in 
the Proportion, 1 of dogs i, the Diameter of ST to the 


Diameter of HI) as / - — tO 1. 9. F. D. 
15 
Example 1. Putting $=14 and n=, the Variation i in each 
Barometer will be equal, by taking the Diameter of ST to the 
15 
Diameter of HI, asy/ —to 1, that i is, as 30 to 29 nearly. 
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as 1 to 3 + nearly. 5 
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was above the Surface of the Water at W, 
comes under it. Then, if we ſuppoſe this Rod 
ſo ſmall, that a cubic Inch of it ſhall be four- 
teen Inches in Length, the whole Machine 
will fink fourteen Inches lower into the Fluid 
than before, and conſequently the Surface of 
the Mercury in the Baſon will be preſſed more 
than it was before, by a Column of Water 
fourteen Inches high. But the Preſſure of four- 
teen Inches of Water is equivalent to one of 
Mercury (becauſe Water is about fourteen 
Times lighter than Mercury) this additional 
Preſſure therefore will make the Mercury aſ- 
cend at X, as much as the ſuppoſed Variation 
in the Weight of the Air did at firſt, This Aſ- 
cent will give Room for a ſecond cubic Inch of 
Water to enter the Baſon; the Machine will 
therefore be again rendered heavier by the 
Weight of ſo much Water, and accordingly 
will ſubſide fourteen Inches farther. This will 
occaſion another additional Preſſure of Water, 
which will raiſe another Inch of Mercury, and 
make the Machine fink fourteen Inches more, 
and ſo on, without ever approaching nearer to 
an Agquilibrium with the external Air: And 
therefore a Scale, anſwering to the Variation of 
this Barometer, ought ſtrictly and properly to 
be of an infinite Length; becauſe after this Ba- 
rometer has ſunk or riſen thouſands of Miles 
(if that were poſſible) it would ſtill have the 
ſame Tendency to- fink or riſe on, as when it 
firſt ſet out, _ | 3 

| Fx: Now. 
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Now, was the Rod WS ſmall, that a cubio 
Inch of it ſnould be more than tourteen Inches 
long (the other Parts remaining as was ſup. 
poſed above) the Variation 1n this Barometer 
would be more than infinite, or negative with 
Reſpect to thoſe of the common Barometer. 
The Meaning of which is, that whereas in the 
common Barometer, the ſuſpended Column of 
| Mercury, by its rifing or falling, approaches 
nearer to an Agukbrium with the external 
Air, this Barometer would continually recede 
from an Æguilibrium with it; ſo that the far- 

ther it ſhould move up or down, inſtead of ac- 
guiring by that Means a leſs Tendency to move 
on, as the Mercury in the common Barometer | 
does, it would acquire a greater. 

On the contrary, when a cubic Inch of the 
Rod is leſs than fourteen Inches in Length, 
the Variation will be finite; and may be made 

to bear any Proportion to thoſe of the common 
Barometer whatever, as demonſtrated in the 


foregoing Note. 


While Jam writing this, another Method 
occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 
tion to that of the common one. It is this: 
Let there be a compound Tube, as ABC (Fig. | 
36.) hermetically ſealed at A, and open at C, 
empty from A to D, filled with Mercury from 
thence to B, and from FRO to E with Wa. 
ter: 
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ter: Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water et E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite, 
otherwiſe it will be finite. See the Demon- 
fication. in the Not *, 

That 


Let v denote a given Variation in the common Barometer, x 
the correſpondent Variation at E ſought. Let the Ratio of zz to 
1, expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
ter; and 4 to 1, that of the Diameter of the Tube FA to FC. 
Then the Variation at E, the lower Surface of the Water, being 
ſyppoRe x, the Variation of it at B, the upper Surface of it will 


be — 214 RY GE, the Difference of the Legs EK and 


09 
KB, will vary += Again, the Variation of the Surface of 


the ova at B vl be the ſame with that of the Water in the 
| = | 
ſame Place, VIS, — — if the Tabe is of the ſame Diameter 
© hs 

at D, as at B, the Variation of the Surface at D will alſo be the 
; 4 | 

ſame, that is, — : The Sum of both Variations, or the Variation 

ad 2 * 
of HD the Difference of the Legs, will therefore be-—. Now the 
1 

Preſſure of the Mercury and Water together upon the Air at E, is 
owing to the Lengths of HD and GE; and ſince one of theſe will 
always ſhorten, when the other lengthens, the Variation in their 
Preſſure will depend on the Variation of the Difference of their 
Weights, pa is, of the Difference DE the Weight of x 


F 
— and = 55 But the Weight of —— (being the Weight of 
ad 

2 Column of Water) Oe Io to that, of a tans of Mercury of 


the ſame Lag is only - — iii hired 
11 between 
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That vile Variation in this Barometer may 
be infinite, will T from the following 


Computation. 

Let the Proportion between the Bores of the 
Tube AF and FC be ſuch, that when HD, 
the Difference of the Legs wherein the Mer- 
cury 1s contained, is augmented one Inch, GE 
the Difference of the Legs, wherein the Water 
is contained, ſhall be diminiſhed fourteen ; 
then, as much as the Preſſure of the Mercury 
is augmented, that of the Water will be dimi- 
Tithed, and ſo the Preſſure of both taken toge- 
ther will remain as it was. And conſequently, 
after it has began to riſe, it will always have 
the ſame Tendency to rife on, without ever 
coming to an AÆquilibrium with the Air. 

How far this Barometer will ſucceed in Prac- 
tice, muſt be left to Experience to determine. 


2 
TT 2x 
between and — will always be equal to the Variation in 


2x +2 ad 

＋ common Barometer, and therefore— — n , and by 
ad m 

1 | 

the common Method of Reduction, gm That is, x8 

anon : 

: md: 2nm—dd—1. Now, if we put 7==14, and hey, 2, 

ol oY ard—1 will be as much as zm, and therefore 2:m—dd—y 

vill be equal to nothing; and fo x being by the Proportion as 

many Times more than w, as madd is than nothing, tis infinite. 

And if n be put==14, and 4==5, mdd will be equal to 350, 

and 2,—dd—1==z2 ; and therefore the Variations, in this Caſe, 

will be to thoſe in the common Barometer, as 175 to one. 


Pr 0- 
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Probably, if the Bore of the Tube FC be made 


very (mall, viz. about the twentieth Part of 
an Inch Diameter, the Air will not aſcend 
through: the Water, as it is apt to do through 
the Mercury in the pendant Barometer ; and 


the Smallneſs of the Bore will not prevent the 


Water, from moving, near ſo much as it does 
the Mercury in that Barometer, 

There is an Improvement of another Kind 
in the common Barometer, whereby it is ren- 
dered portable, The Tube containing the 
Mercury, inſtead of having its lower End im- 

merged in a Veſſel of that Fluid, has it tied 


up in a leathern Bag, not quite full of Mercu- 
ry. And though the external Air cannot get 
into Bag to ſuſpend the Mercury in the 


Tube, by preſſing on its Surface, as in the 
common one; yet it has the ſame Effect by 
prefling on the Outſide of the Bag, which, 
being pliant, yields to the Preſſure, and keeps 
the Mercury ſuſpended in the Tube at its pro- 
per Height. This Bag is generally incloſed in a 
little Box, through the Bottom of which paſſes 
a Screw; with this Screw the Bag may be 
compreſſed, ſo as to force the Mercury up to 
the Top of the Tube ; which keeps it ſteady, 
and hinders it frombreaking the Tube by daſh- 
Ing againſt the Top when it is carried about, 
as it otherwiſe would be apt to do. 


See 
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See more on the Subject of this Diſſertation, 
FWeidler: Inſtitutiones Mathemat. p. 608. Mel- 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV. 
§. 15. Mr. PaſchaPs Traite de TEquilibre 
des Liqueurs. Sinclair's Arts magna Gravitatis 
& Levitatis. Mariotte's Second Eſſay de la 
Nature de V' Air, Philoſoph. Burgund. Tom. II. 
p-. 850. Saul's Treatiſe on the Barometer. 
Regnault's Philoſoph. Converſat. 22. Clare's 
Motion of Fluids, p. 141. Mem. de Acad. 
1705, 1711. Philoſophical Tranſactions No. 
9, 10, II, 55, 86, 91, 165, 181, 185, 208, 
229, 230, 277, 240, 24% 20% er, 300, 
385, 388, 405, 406, 427. Cotes's Hydro- 
ſtatical and Pneumatical Lecture. Lect. 7. 
With ſeveral other Authors referred to in Mr. 
Tobnſon's Quæſtiones Philoſophicæ, Cap. VI. 
Queſt. 36, 37. 
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DISSERTATION V. 
s "21M the Origin of the Winds. 


H E Wind i is no other, than the Mos 
tion of the Air, upon the Surface of 
the Globe. Some of the Ancients took it 
to be Air, ruſhing out of the Bowels and 
Cavitics of the Earth : And others thought it 
an Exhalation from its Surface; But theſe are 
Hypotheſes too chimerical to ſtand in Need 
of a particular Confutation. Some of the Mo- 
derns, who held a Plenum, have accounted for 
it thus : They imagined, that the Air being 
confined above, as it muſt be, if we ſuppoſe 
a Plenum, would, when more than ordinarily 
rarefied, or ſtocked with Vapours, drive 
away the neigbouring Air, in order to make 
room for itſelf; and by this Means oeca- 
ſion a Wind. Others, obſerving a conſtant 
and perpetual eaſterly Wind to blow at the 
Eguator, aſcribed its Origin to the diurnal 
Rotation of the Earth, about its Axis from 
Weſt to Eaſt; which they thought would 
occaſion the Air upon its Surface to ſeem to 
move the contrary Way, being in ſome Mea- 
ſure left behind. But, whereas there are 


Winds, i in ſome Places near the Equator, | 


* | that 
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that blow on other Points of the Compaſs 
(as we ſhall ſee hereafter) this Hypotbeſis is 


inſufficient. Beſides, the Air prefling upon 
the Surface of the Earth by its Gravity, like 


other Bodies; and having nothing to hinder 


it from moving freely along with it, muſt ne- 
ceſſarily, in Time, acquire an equal Degree 
of Velocity, and ſo keep Pace with it, all the 
Way round. _ * ; 1 
The principal Cauſe of the Wind, or, in 


other Words, of the Air's moving from Place 
to Place, upon the Surface of the Earth, is 


the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air being rarefied, becomes ſpeci- 
fically lighter than the reſt, riſes up into the 
ſuperior Parts of the Atmoſphere, and there 
diffuſes itſelf every Way; while the neighbour- 


Ing inferior Air ruſhes in from all Parts at the 


Bottom, to reſtore the Æquilibrium. 

Upon this Principle it is, that moſt of the 
Winds may be accounted for. 5 
- To begin with thoſe which blow under the 
Equator, . 


1. Under the Equator, the Wind is always 
obſerved to blow. from the Eaſt Point *. 
„ | For, 
* For the Reader's Eaſe (who perhaps is not furniſhed with 


the Philoſophical Tranſactions) I ſhall: here inſert by Way of 
Note, from Dr. Halley's Account, ſo much of the Hiſtory of the 


Winds, as may be neceſſary for the underſtanding this Theory. 


„ The 
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For, ſuppoſing the Sun to continue vertical 
over ſome one Place, the Air will be moſt rare- 
fied there; and conſequently, the neighbour- 
| N ing 


« The univerſal Ocean, ſays he, may moſt properly be di- 
ce yided into three Parts, viz. 1. The Atlantic and Atbiopie 
„Seas. 2. The Indian Ocean. 3. The great South Sea, or 


ie the Fan Ocean. 


„ J. In the Atlantic and En Seas, between the Tropics, 
6 there is a general eaſterly Wind all the Year long, without 
any conſiderable Variation; excepting, that it is ſubject to be 
4. deflected therefrom, ſome few Points of the Compaſs, towards 
the North, or South, according to the Poſition of the Place. 
1. Near the Coaſt of Africa, as foen as you have paſſed the 
% Canary Iſles, you are ſure to meet a freſh Gale of North-eaſt 
% Wind, about the Latitude of twenty-eight Degrees North; 
« which ſeldom comes to the Eaſtwards of the Eaſt-north-eaſt, 
or paſles the North-north-eaſt. This Wind accompanies thoſe 
bound to the Southward, to the Latitude of ten Degrees 
„North, and about an hundred Leagues from the Guinea 
« Coaſt; where, till the fourth Degree of North Latitude, 
*© they fall into Calms and Tornadoes, or ſudden Storms. | 
“ 2. Thoſe bound to the Car:bbe Iſles, find, as they ap- 
« proach the Auerican Side, that the aforeſaid North-eaſt 
« Wind becomes ſtill more and more eaſterly, ſo as ſometimes 
cc to. be Eaſt, ſometimes Eaſt hy South, but yet moſt commonly 
ce to the Northward of the Eaft, a Point or two, ſeldom more. 
% *Tis likewiſe obſerved, that the Strength of theſe does gra- 
« dually decreaſe, as you fail to the Weltwaxd. 
« 3. That the Limits of the Trade, and variable Winds in 

& this Ocean, are farther extended on the American Side, than 
<< the African; for, whereas you meet not with this certain 
cc 


Wind, till after you have paſs'd the Latitude of twenty-eight 
Degrees on this Side; on the contrary Side it commonly 
«© holds to thirty, thirty-one, or thirty-two Degrees of Lati- | 
« tude; and this is verified likewiſe to the Southward ef the. 4 
« Aquinodial ; for-neax the Cape of Good Hope, the Limits of F 
* the Trade Wind, are three or four Degrees nearer the Line, 
than on the Coaſt of Braxil. | | 


< 4. That 
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ing Air will ruſh in from every Quarter with 


£9 
ſhifting to the Weſtward, the Part where the 


ual Force. But, es the Sun is continually 
Air 


* 4. That from the Latitude of four Degrees North, to the 
aforeſaid Limits on the South Side of the Equator, the Winds 
are generally and perpetually between the South and Eaſt, 
and moſt commonly between the South-eaft and Eaft ; ob- 
ſerving always this Rule, that on the African Side, they are 
more ſoutherly, on the Braſilian more eaſterly, ſo as to be- 
come almoſt due Eaſt, the little Deflection they have being 
ſtill to the Southward. In this Part of the Ocean, it has 
been my Fortune to paſs a full Vear, in an Employment that 
obliged me to regard more than ordinarily the Weather, 
and I found the Winds conſtantly about the South-eaſt, the 


© moſt uſual Point South-eaſt by Eaſt: When it was eaſterly, 


it generally blew hard, and was gloomy, dark, and ſome- 
times rainy Weather : If it came to the Southwards, it was 
generally ſerene, and a ſmall Gale next to a Calm ; but this 
not very common. But J never {aw it to the Weſtwards of 
the South, or Northwards of the Eaft. | 


5. That the Seaſon of the Year. has ſome ſmall Effect on 


FFI AÞ 


44 
o — 
66 


theſe Trade Winds; for that when the Sun is conſiderably to 
the Northward of the Eenator, the South-eaſt Winds, eſpe- 


| cially in the Streight of this Ocean (If I may fo call it) be- 


tween Brafil, and the Coaſt of Guinea, do vary a Point or 


two. to the Southward, and the North-eaſt become more 
* eaſterly, and, on the contrary, when the Sun is towards the 


Tropic of Capricorn, the South- eaſterly Winds become more 
eaſterly; and the North- eaſterly Winds, on this Side the 
Eine, veer more to the Northward. 5 

« 6. That as there is no general Rule, that admits not of ſome 
Exception, ſo there is in this Ocean a Tract of Sea, wherein 


the foutherly and South-weſt Winds are perpetual, wiz. all 


along the Coaſt of Guinea, for above five hundred Leagues to- 
gether, from Sierra Leona, to the Iſle of St. Thomas : For 


che South-eaſt Trade Wind having paſs'd the Line, and ap. 


proaching the Coaſt of Guinea within eighty or an hundred 
Leagues, melines towards the Shore, and becomes South-ſouth- 
eaſt ; and by Degrees, as you come nearer, it veers about to. 
South, South-ſouth-weſt, and in with the Land OT, 
A NN | 2 | 5 
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Air is moſt rarefied, is carried the fame Way 
and therefore the Tendency of all the lower Air, 
taken together, is greater that Way, than any 

. 1 5 iq 


< and ſometimes Weſt ſouth-weſt, Theſe are the Winds, which are 
< obſerved on this Coaſt when it blows true; but there are fre- 
ce quent Calms, violent ſudden Gufts, called Tornadoes, from all 
7 Points of the Compaſs, and ſometimes unwholeſome foggy 
« eafterly Winds, c Hermitæ, by the Natives, which too 
often infeſt the Navigation of theſe Parts. | 
« 7. That to the Northwards of the Line, between four and 
« ten Degrees of Latitude, and between the Meridians of Cape 
Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
is a Tract of Sea, wherein it were improper to ſay, there is 
any Trade Wind, or yet a variable; for it ſeems condemned to 
tual Oalms, attended with terrible Thunder and Light- 
ning, and Rains ſo frequent, that our Navigators from thence 
call this Part of the Sea, the Rains: The little Winds that 
are, being only ſome certain Guſts, of very little Conti- 
nuance, and lefs Extent; ſo that ſometimes each Hour you 
ſhall have a different Gale, which dies away into a Calm 
before another ſucceeds : And in a Fleet of Ships in Sight of 
one another, each ſhall have the Wind from a ſeveral Point 
of the Compaſs : With theſe weak Breezes, Ships are obliged 
to make the beſt of their Way to the Southward, through 
the aforefaid fix Degrees; wherein it is reported ſome have 


* 
R a 
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4 II. In the Indian Ocean, the Winds are partly general, 
ee as in the thiopic Ocean; partly periodical, that is, half 
the Year they blow one Way, and the other half near upon 
« the oppoſite Points; and theſe Points and Times of ſhifting, 
de are different in different Parts of this Ocean. | 
: < 1, Between the Latitudes of ten Degrees. and thirty De- 

e grees South, betwen Madagaſcar and Holl india nova, the 
* General Trade-Winds about the South-eaſt and by Eaſt, are 
found to blow all the Year long, to all Intents and Purpoſes, 
* after the ſame Manner, as in the fame Latitudes in the 
« E:hiopic Ocean, as it is deſcribed in the fourth Remark 
©& aforegoing, 3 5 : 


« 2, That 


* 
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ether. Thus the Tendency of the Air to- 
wards the Weſt, becomes general, and its 


Parts impelling one another, and continuing to 
F 8 | move 


c 2. That the aforeſaid South-eaſt Winds extend to with in 
< two Degrees of the Equator, during the Months of June, 
% Fuly, and Auguſt, &c. to November, at which Time, between 
de the South Latitude of three and ten Degrees, being near the 
& Meridian of the North End of Madagaſcar, and between two 
and twelve South Latitude, being near Sumatra and Java; 
* the contrary. Winds from the North-weſt, or between the 
< North and Weſt, ſet in, and blow for half a Year, wiz, 
from the Beginning of December till May: And this Monſoon 
« 1s obſerved as far as the Molucca Iſles. C 

* 3. That to the Northward of three Degrees South Lati- 
* tude, over the whole Arabian and Indian Sea, and Gulf of 
« Bengal, from Sumatra to the Coaſt of Africa, there is an- 
«© other Monſoon, blowing from October to April, upon the 
«© North-eaſt Points: But in the other half Year, from April 
% to October, upon the oppoſite Points of South-weſt and Weſt- 
* ſouth-weſt, and that with rather more Force than the other, 
«© accompanied with dark, rainy Weather; whereas the North - 
« eaſt blows clear. Tis likewiſe to be noted, that the Winds 
* are not ſo conſtant, either in Strength or Point, in the Gulf 
« of Bengal, as they are in the Indian Sea, where a certain 
% ſteady Gale ſcarce ever fails. Tis alſo remarkable, that 
the South-weſt Winds, in theſe Seas, are generally more 
* ſoutherly on the African Side, and more weſterly on the 
« tndian. Ce, 5 

% 4. There is a Tract of Sea to the Southward of the 
& Equator, ſubject to the ſame Changes of tbe Winds, viz. 
<< near the African Coaſt, between it and the Iſland Madagaſcar, 
« or St. Laurence, and from thence Northwards, as far as the 
Line; wherein from April to October, there is found a con- 
«« ſtant freſh South-ſouth-weſt Wind, which, as you go more 
© northerly, becomes ſtill more and more weſterly, ſo as to fall 
« in with the Weſt-ſouth-weft Winds, mentioned before in thoſe 
« Months of the Year to be certain to the Northward of the 
« Equator. What Winds blow in thoſe Seas, for the other 
« half Year, I have not yet been able to obtain to my full Satiſ- 
faction: The Account which has been given me, is only this, 


That 


* 
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move till the next Return of the Sun, ſo much 
of its Motion as was loſt by his Abſence, is 
again reſtored, and therefore the eaſterly Wind 


becomes Perpetual, 


Cc 
oc 


66 


* 


Some 


That the Winds are much eaſterly hereabouts, and as often to 
the North of the true Eaſt, as to the Southward thereof. 

« 5, That to the Eaſtward of Sumatra and Malacca, to the 
Northwards of the Line; and along the Coaſt of Camboia 
and China, the Mon ſoons blow North and South ; that is to 
ſay, the North-eaſt Winds are much northerly, and the 
South-weſt much ſoutherly. This Conſtitution reaches to the 


Eaſtward of the Philippine Ifles, and as far northerly as 


Fapan ; the northern Monſoon ſetting in, in theſe Seas, in 
October or November; and the ſouthern in May, blowing all 
the Summer Months. Here it 1s to be noted, that the Points 
of the Compaſs from whence the Winds come, in theſe Parts 
of the World, are not ſo fixed, as thoſe lately deſcribed ; for 


the ſoutherly will frequently paſs a Point or two to the Eaſt- 


wards of the South, and the northerly as much as to the 
Weſtwards of the Nerth, which ſeems occaſioned by the great 
Quantity of Land which is interſperſed in theſe Seas. | 
« 6, That in the ſame Meridians, but to the Southwards of 
the Equator, being that Tract lying between Sumatra and 
Java to the Weſt, and New Guinea to the Eaft, the ſame 
northerly and ſoutherly Mon ſoons are obſerved ; but with this 
Difference, that the Inclination of the northerly is towards 


the North-weſt, and of the ſoutherly towards the South- 


eaſt : But the Plagæ Venti are not more conſtant here than 
in the former, viz. variable five or fix Points. Beſides, the 
Times of the Change of theſe Winds are not the ſame, as in 


the Chineſe Seas, but about a Month, or fix Weeks later. 


* 7. That the contrary Winds do not ſhift all at once, but in 
ſome Places the Time of the Change is attended with Cams, 
in others with variable Winds; and it is particularly remark- 
able, that the End of the weſterly Monſoon, in the Seas of 
China, are very ſubject to be tempeſtuous. The Violence of 
theſe Storms is ſuch, that they ſeem to be of the Nature of 
the Vef-1gia Hurricanes, and render the Navigation of 
theſe Parts very unſafe. about that Time of Year. Theſe 
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Some are inclined to think, that the con- 
tinual ſhifting of the Sun to the Weſtward, 
ſhould produce a weſterly Wind under the 


Equator, by cauſing the Current of the Air 


from the Weſt to exceed and over-balance that, 


© Tempeſts are by our Seamen, uſually term'd the Breaking up 


* of the Menſoons. | | 


« III. The Third Ocean, called Mare Paciſicum, whoſe Ex- 
« tent is equal to that of the other two (it being from the Weſt 
& Coaſt of America to the Philippine Hands, not leſs than an 
« hundred and fifty Degrees of Longitude) is that which is leaft 
* known to our own, or the neighbouring Nations: That Navi- 
«« gation that there is on it, is by the Spaniards, who 
tc yearly from the Coaſt of New Spain to the Manilha's : But 


* that but by one beaten Tract ; ſo that I cannot be ſo particular 


« here, as in the other Two. What the Spar; Authors ſay of 
&- the Winds, they find in their Courſes ; and what is confirmed 
« by the old Accounts of Drake and Candiſb, and ſince by 
& Schooter,, Who ſailed the whole Breadth of this Sea, in the 
c ſouthern Latitude of fifteen or ſixteen Degrees, is, that there is 


* a great Conformity between the Winds of this Sea, and thoſe 


t of the Atlantic and Ethiopic; that is to ſay, that to the North- 
etc ward of the Equator, the predominant Wind is between the 
© Eaſt and North-eaſt; and to the Southwards thereof, there 
« is a conſtant, ſteady Gale, between the Eaſt and South-eaſt, 
« and that on both Sides the Line, with ſo much Conſtancy, 


e that they ſcarce ever need to attend the Sails; and Strength, 


te that it is rare to fail of croſſing this vaſt Ocean in ten Weeks 
« Time; which is about an hundred and thirty Miles a Day: 
« Beſides, tis ſaid, that Storms and Tempeſts are never known 
« in theſe Parts, wherefore ſome have thought it might be as 
« ſhort a Voyage to Japan and China, to go by the Streights 
« of Magellan, as by the Cape of Good Hope. 7 5 
« The Limits of theſe General Winds are much the ſame as 
« in the Atlantic Sea, wiz. about the thirtieth Degree of La- 
ce titude on both Sides. Beſides, a farther Analogy between the 
« Winds of this Ocean, and the Ethiopic, appears in that, 
t that upon the Coaſts of Pera, they are always much ſoutherly, 
« like as they are found near the Shores of Angola. ; 
which 


— — — 
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which oppoſes it from the Eaſt. For, wheres | | 


as the eaſtern Air retains its - Heat ſome time 
after the Sun is removed from it, it muſt al- 
ways be rarefied to a greater Degree, and alſo 
to a greater Diſtance from the Place to which 
the Sun is vertical, than the weſtern Air is; 
and therefore the weſtern Air, being more 
ponderous, ſhould be an Over- balance for the 
eaſtern, and drive the Current before it. 

But it is to be obſerved, that we are not to 
conſider the Point to which the Sun is ver- 
tical, but the Point of greateſt Rarefaction 
(which, upon Account of the Sun's Motion to 
the Weſtward, lies always to the Eaſtward) ; 


and then ſee, which Side of the Column of 


Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied 
even farther to the Eaſt of this Point, than to 

the Weſt, yet ſill, if we ſuppoſe the Point 


to keep its place, the Air over it will ſuſtain 
an equal Degree of Preſſure on each Side. 


For, ſince no Column can be aſſigned on the 
weſtern Side, but one alſo on the eaſtern, 
may be found under an equal Degree of Rare- 
faction, and therefore of the ſame ſpecific Gra- 
vity: and ſince Fluids of equal Heights, and 


the ſame ſpecific Gravities (whatever be the 


Breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. I. & 9.) 'tis very 

evident, that the Column of Air, over the 
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Point of greateſt Rarefaction, is preſſed equal- 
ly both Ways; and fo, upon this Suppoſition, 
each Wind will blow towards that Point with 
equal Force. But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this Aquihbrium 
will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter- 
mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 

wards the Point of greateſt Rarefaction, if that 
Point ſhifts, in the mean Time, towards the 


Weſt, then will that Portion reach the ſaid 


Point. ſooner than it otherwiſe would have 


done; thereby loſing a Part of its Motion, 


which Means the weſterly Current will be di- 
miniſh'd. Again, if, while the Eaſt Wind 
blows towards the Point of greateſt Rarefaction, 
that Point moves on before it, then will the 
eaſtern Air have a greater Quantity of Motion, 


than it otherwiſe would have had ; that, which 


{hould have been an Impediment to it, being, 
upon this Suppoſition, in ſome Meaſure with- 
drawn; and fo the Eaſt Wind will be aug- 
mented. Thus, the Weſt Wind having its 
Force leflen'd by the Motion of the Sun, and 
the Eaſt one being increaſed, the latter at 
length as it were abſorbs the former, and car- 
ries it away in its own Direction. IK 
2. On each Side of the Eęuator, to about 
the thirtieth Degree of Latitude, the Wind is 
; found 
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found to vary from the Eaſt Point, fo as to 
become North-caſt on the northern Side, and 
South-eaſt on the ſouthern. 

The Reaſon of which is, that, as he equa- 
torial Parts are hotter than any other, both the 
northern and ſouthern Air, ought to have a 
Tendency that Way ; the northern Current 
therefore, meeting in this Paſſage with the 
eaſtern, produces a North-eaſt Wind on that 
Side; as the ſouthern Current joining with 
the fame, on the other Side the Equator, forms 
2 South-eaſt Wind there. 

Theſe two Propoſitions are to be underſtood 

of open Seas, and of ſuch Parts of them as are 
diſtant from the Land; for near the Shores, 
where the neighbouring Air is much rare- 
fied, by the Reflection of the Sun's Heat from 
the Land, it frequently happens otherwiſe, 
particularly 

3. On the Guinea Coaſt, the Wind always 
ſets in upon the Land, blowing weſterly in- 
ſtead of eaſterly. This is becauſe the Deſerts 
of Africa lying near the Equator, and being a 
very ſandy Soil, reflect a great Degree of Heat 

into the Air above them. This therefore be- 
ing rendered lighter, than that which is over 
the Sea, the Wind continually ruſhes in upon 
the Land to reſtore the Equilibrium. 

4. That Part of the Ocean, which is called 
- the Rains, is attended with perpetual Calms, 


the Wind ſcarce blowing ſenſibly either one 
R 2 Way 
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Way or other. (See its Situation deſcribed in 


Note, Page 119, Remark 7th). For this Tract 
= g placed between the iterly Wind blow- 

from thence towards the Coaſt of Guinea ; 
ang the eaſterly Wind blowing from the ſame 
Place to the Weſtward thereof, the Air ſtands 


in ÆAquilibrio between both, and its Gravity is 


ſo much diminiſhed thereby, that it is not able 


to ſupport the Vapour it contains, but lets it 


fall in continual Rain, from whence this Part 
of the Ocean has its Name. 

There is a Species of Winds, obſervable 
in ſome Places within the Tropics, called by 
the Sailors Monſoons, which, during ſix Months 
of the Year, blow one Way ; ; and the remain- 
ing ſix the contr 
Ihe Occaſion of them in general is this : 
When the Sun approaches the northern Tropic, 
there are ſeveral Countries, as Arabia, * 
India, &c. which become hotter, and re 
more Heat than the Seas beyond the Equator, 
which the Sun has left; the Winds therefore, 
inſtead of blowing from thence to the Parts 
under the Equator, blow the contrary Way; 


and when the Sun leaves thoſe Countries, and 


draws near the other Tropic, the Winds turn 
about, and blow on che oppoſite Point of the 
Compals. 

The Regutarity of theſe Winds making 
them more than ordinarily uſeful in Naviga- 
tion, they are from thence called Trade 

"IO 


* 
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Winds. As to other Circumſtances relating 
to them, and the particular Times and Places 

of the Monſoons, &c. See the Hiſtorical Ac- 
count in the foregoing Note; all which might 
eaſily be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 

Circumſtances of Situation, Heat, Cold, Sc. 

ſufficiently known *. n 

From the Solution of the general Trade 

Winds, we may ſee the Reaſon, why in 

the Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 

abouts, as was obſerved in the foregoing 

Diſſertation, there is generally a Weſt, or 
South-weſt Wind. For, as the inferior Air, 

within the Limits of thoſe Winds, is conſtant- 

ly ruſhing towards the Equator, from the 

North-eaſt Point, or thereabouts, the ſuperior 
Air moves the contrary Way; and therefore 
after it has reached theſe Limits, and meets 
with Air, that has little or no Tendency to 


Some have thought, that the Regularity of the general Trade 
Winds is partly owing to the diurnal Motion of the Meon from 
Eaſt to Weſt. For, as the Sun renders the Air ſpecifically lighter 
by its Heat, ſo does the Moon by attraQting it, in the ſame 
Manner, as it does the Sea, in raiſing the Tides : But it is to 
be obſerved, that as the Moon acts with the greateſt Force upon 
the ſuperior Parts of the Air, and as thoſe ſuperior Parts are 
unconfined, and therefore more at Liberty to ruſh in, in Order 
to reſtore the Equilibrium ; it will from hence follow, that the 
ruſhing in of the ſuperior Parts of the Atmoſphere will princi- 
pally contribute towards reſtoring the . ee ; and fo the 

lotion, produced below, will be very inconfiderable. 


any | 


2 
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any one Point more than to another, it will 
determine it to move in the ſame Direction 
r 
- In our own Climate we frequently expe- 
rience, in calm Weather, gentle Breezes blow- 
ing from the Sea to the Land, in the Heat of 
the Day; which Phenomenon is very agree- 
able to the Principle laid down above: For 
the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from its 
Surface, more than that which impends over 
the Water which reflects fewer, the latter is 
eonſtantly moving on to the Shore, in order 
to reſtore the ÆAquilibrium, when not di- 
ſturbed by ſtronger Winds from another Quar- 
ter . | 3 
= what has been obſerved, nothing is 
more eaſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to fuch 


+ In Confirmation of this, we have an eaſy, and very per- 
tinent Experiment, related by Mr. Clare, in his Motion of 
Fluids. © Take, ſays he, a large Diſh, fill it with cold Water; 
« into the Middle of this put a Water-Plate, filled with warm 
% Water. The firſt will repreſent the Ocean; and the other 
« an Ifland, rarefying the Air above it. Blow out a Wax 
Candle, and if the Place be fill, on applying it ſucceſſively 
<« to every Side of the Diff:, the fuliginous Particles of the 
« Smoak, being viſible and very light, will be ſeen to move 
towards the Plate, and riſing over it, point out the Courſe 
of the Air from Sea to Land. Again, if the ambient Water 
„ be warmed, and the Plate filled with cold Water, let the 
„ ſmoaking Wick of the Candle be held over the Plate, and 
< the contrary will happen. : 8 | 3 
Variety 
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Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of the Sun in thoſe 
Parts, being undetermined to move towards 
any fixed Point, is continually ſhifting from 
Place to Place, in order to reſtore the Æquili- 
brium, wherever it is deſtroyed ; whether by 
the Heat of the Sun, the riſing of Vapours, 
or Exhalations, the melting of Snow upon the 
Mountains, and a great Variety of other Cir- 
cumſtances, more than can be eaſily enume- 
rated, 
We are told by Hiſtorians, of certain Caves 
that emit Wind; if fo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
out for want of Room; or, when the Preſſure 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and fo permits the 
internal Air to dilate itſelf, and iflue out. 


For more on this Subject, ſee Nieuwentyr 8 
Religious Philoſopher. Regnault's Philoſo- 
hical Converſations. Clare's Motion of Fluids. 
Martin's Philoſophical Grammar. And the 
Authors referred to in Mr. Johnſon's — 
Philoſoph. Cap. IV. _ 1. 2. 
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O the Formation and Part II. 
DISSERTATION VI 
Of : the Formation and Aſcent of Pa a- 


pours, and their Reſolution into 
Rain, Snow, and Hail. 


HAT Vapours are ail from the Sur- 

face of Water by the Action of the Sun's 

Heat, is agreed on by all: But the Manner in 

which this is done, has ever been a Controverſy 

among Philoſophers; neither is it at this Time 
ſufficiently explained by any one. 

If we conſult a Carteſian upon this Matter, 


| he immediately tells us, that, by the Action of 
the Sun upon the Water, ſmall Particles of the 


Water, are formed into hollow Spheres, filled 
with Materia Subtilis, and by that Means be- 


coming lighter than an equal Bulk of Air, are 


eaſily buoyed up in it. But, as this Materia 
Subtilis is only a Fiction, this Solution is not 


to be regarded. 
Dr. Nieuwentyt, and ſeveral other Philo- 


ſophers, who maintain, that Fire is a parti- 
cular Subſtance, diſtin from other Matter, 
account for the For 


pours thus: They 


tion and Aſcent of Va- 
0. that the Rays of the 


Sun, or Particles of Fire ſeparated from them, 
adhering to Farticles of the Water, make 
up 


Diff. VI. Aſcent of Vapours, &c. 131 
up little Bodies, lighter than an equal Bulk 
of Air ; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
= Height where the Air is of the ſame ſpecific 

Gravity with themſelves. And, that Rain 1s 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water ; which laſt, 
being then left without Support, can no longer 
be ſuſtained by the Air, but falls down in 
De of Rains . 

This Opinion is liable to the following Dif- 

ficulthes; Firſt, Fire has never been yet pro- 
ved to be a diſtinct Element, or a particular 

Subſtance + ; and the Change of Weight in 
Bodies in chymical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 
of Fire, is found to proceed from the Adheſion 
of Particles of Air 8. 

Secondly, Should the above-mentioned Sup- 
poſition be allowed, the fiery Particles, which 
are joined to the watery ones to buoy them 
up, muſt be conſiderably large, or elſe a very 
great Number muſt fix upon a ſingle Particle 
of Water; and then a Perſon being on the 
Top of an Hill in a Cloud, would be ſenſible 
of the Heat, and find the Rain produced from 
that Vapour, much colder than the Vapour it- 


* See Mieuaventyt's Religious Phitofopher, Contempl. 19. 
+ See the Authors referred to in Mr. * 5 — 


Philoſoph. Cap. I. Quæſt. 30. 


$ By Dr. Hales, in his vegetable Statics. | 
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ſelf : whereas the contraty is evident to our 


Senſes; the Tops of Hills, though in the 
Clouds, being much colder than the Rain 


which falls below. 

Beſides, the Manner in which the Particles 
of Water ſhould be ſeparated from thoſe of 
the Fire, ſo as to fall in Rain, is not eaſily to 
be conceived. 

The moſt betty received Opinion is, 


That by the Action of the Sun, on the Surface 


of the Water, the aqueous Particles become 
formed into Bubbles, filled with a Flatus, or 
warm Air, which renders them ſpecifically 
lighter than common Air, and makes them 
riſe therein, till they meet with ſuch as is of 
the ſame ſpecific Gravity with themſelves *. 
But I aſk, 

Firſt, How comes the Air in the Bubbles 
to be ſpecifically lighter than that without, 
ſince the Sun's Rays, which act upon the 
Water from whence they raiſed, are cquanty 
denſe over all its Surface ? 

Secondly, If it could be poſſible for rarer 
Air to be ſeparated from the denſer ambient 
Air, to form the Bubbles (as Bubbles of ſoaped 
Water are blown up by warm Air from the 
Lungs, whilſt the che Air is colder and 
denſer) what would hinder the external Air 
from reducing that, which is incloſed in the 
Bubbles, immediately to the ſame Degree of 


* Philoſophical TranſaQtions, Ne. 192. 


Cold- 
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Coldneſs, and ſpecific Gravity with itſelf; 
Cold being readily communicated through 
ſuch thin Shells of Water). By which means, 

the Bubbles would become ſpecifically heavier 
than the circumambient Air, and would no 
longer be ſupported therein; but fall down, 
almoſt as ſoon as they were formed ? 

Thirdly, Tf we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why 25 not 
thoſe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
denſed, when the ambient Air is condenſed by 
the Accumulation of the ſuperior Air? But if 
this Condenſation and Rarefaction ſhould hap- 
pen to them, the Clouds would always contiuue 

at the ſame Height, contrary to Obſervation ; 
and we ſhould never have any Rain. 

The two laſt Opinions are more largely ex- 
amined by Dr. Deſaguliers in the Philoſophical 
| Tranſactions N?. 407, After which he en- 
deavours to eſtabliſh one of his own. | 

He obſerves, with Sir Jace Newton, that, 
when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 
their repulfive Force grows ſtronger, and the 
Particles exert that Force at greater Diſtances ; 
ſo that the ſame Body ſhall be expanded into 
a very large Space, by CY: fluid ; and 
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may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in- 
compreſſible State. Thus, fays he, if the 
“ Particles of Water are turned into Vapour, 

*© by repelling each other ſtrongly, and repel 
e Air more than they repel each other; Ag- 
f5 gregates of ſuch Particles, made up of Va- 
pour and Vacuity, may riſe in Air of different 
** Denſities, according to their own Denſity 
depending on their Degree of Heat.” He 
obſerves farther, that Heat acts more power- 
fully on Water, than on common Air; for that 
the ſame Degree of Heat, which rarefies Air 
two Thirds, will rarefy Water near fourteen 


' thouſand Times, changing it into Steam or 
Vapour as it boils it. And in Winter, that 
| ſmall Degree of Heat, which in Reſpect of our 


Badies appears cold, will raiſe a Steam or Va- 
pour from Water, =t the ſame Time that it 
condenſes Air. Laſtly, he obſerves, That the 
Denſity and Rarity of this Vapour depends 
chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 
all which he infers, that the Vapour being 
more rarefied near the Surface of the Earth, 
than the Air is there by the ſame Degree of 
Heat, muſt neceſſarily be buoyed up into the 
Atmoſphere ; and fince it does not expand it- 
ſelf much, though the Preſſure of the incum- 
bent Air grows leſs, at length it finds a Place 
where the Atmoſphere | is of the ſame ſpecific 
Gravity 
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Gravity with itſelf, and there floats, till by ſome 
Accident or other, it is converted again into 
Drops of Water, and falls down in Rain. 

And to ſhew that Air is not neceſſary for 
the Formation of Steam or Vapour, he gives 


us this Experiment. 
« ABCD (Fig. 37.) is a pretty large Veſ- 


cc ſel of Water, which muſt be ſet upon the 


Fire to boil. In this Veſſel muſt be ſuſpend- 
* ed the Glaſs Bell E, made heavy enough 
© to ſink in Water ; but put in, in ſuch a 
« Manner, that it be filled with Water when 
© upright, without any Bubbles of Air at its 
© Crown within, the Crown being all under 
«© Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, the 
Water in the Bell being preſſed down by 
c the Steam which riſes from it; but, as that 
« Steam has the Appearance of Air, in Order 
4 to know whether it be Air or not, take the 
 « Veſſel off the Fire, and draw up the Bell 

by a String faſtened to its Knob at Top, 
<« till only the Mouth remains under Water; 
c then as the Steam condenſes by the cold Air 


cc on the Outſide of the Bell, the Water will 


* riſe up into the Bell at F, quite to the Top, 
* without any Bubble above it; which ſhews, 
that the Steam, which kept out the Water, 
** wes not Air.“ 


This 
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This Hypotheſis, however plauſible it may 
appear, 1s attended with Difficulties, as well 

as the other. For, 

Firſt, If the repulſive Power of the Particles 
of Water is ſufficiently augmented by Heat as 
ſuch (and that by a very ſmall Degree of it) 
to make them recede from each other, and be- 
come ſpecifically lighter than common Air ; 
how comes it to paſs, that all the Particles of 
Water, as ſoon as, or before it boils, have not 
their repulſive Forces thus augmented, ſince 
they are all under a much greater Degree of 
Heat, than is neceflary to raiſe Vapour ? 

Secondly, Allowing that they may rife off 
from the Surface of the Water, and float in 

the circumambient Air, as being lighter than 

it, why do not their repulſive Forces, as they 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 
Diſtances from each other: and ſo cauſe them 
to continue 4 2 than the Air about them 
at all Heights? 

Miraly, If the Preſſure of the Air about 
F"! ig when near the Surface of the Eatth, is 
not ſufficient to bring them into fo cloſe Con- 
tact, as to form Drops of Water there, what 
Force will they find ſufficient for it, wien they 
are carried aloft into a Region of Air, where 
the Preſſure is not near ſo great? The Doctor 
hints, that they are formed into Rain, „when 
2 * by the great Diminution of the ſpecific Gra- 

vity 
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<« vity of the Air about a Cloud, it has a great 
« Way to fall, in which Caſe, he ſays, the 
Refiſtance of the Air, which increaſes as 
<« the Square of the Velocity of the deſcend- 
c ing Cloud, cauſes the floating Particles of 
«© Water to come within the Power of each 
w ON Attraction, and form ſuch big Drops 
Nas, being | my heavier than any Air, 
, Wan fall in Rain.” But as the inferior Air, 
from the Cloud to a con Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours muſt neceſſarily fall all the Way 
through a reſiſting Medium; ſo that the little 
Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
| Reſiſtance from the Air greater than the Preſ- 
ſure which the Vapours ſuſtained below. 
Laſtly, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
Vapour formed without the Aſſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool: Which is widely 
different from what happens to Vapours buoyed 
up into the colder Regions of the Air, and 
floating there, till they fall in Rain. | 


25 


0 


ww 


A 


Theſe are all, or the principal Hypotheſes, 
that have been framed for the Solution of this 
common Phenomenon : Which as they ſeem 
inadequate to the Effects produced, and there- | 
fore ds I thought it not amiſs to 

| ſug - 
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ſuggeſt to the Reader the chiefDifficulties, with 
which I conceive them to be attended. But 
as it is eaſier to pull down, than to build up, to 
overturn a weak Hypotheſis, than to raiſe and 
ſupport a ſtrong and ſufficient one; fo, I muſt 
own, in this Caſe, I can think of no Way of 
accounting for the Riſe of Vapours, according 
to the received Principles of Philoſophy, or 
ſay wherein their Nature conſiſts. Upon this 
Account it is impoſſible I ſhould give a Philo- 
ſophical Account of their Reſolution into 
Rain. It muſt ſuffice juſt to mention the Cauſes 
| which are obſerved to produce that Change. 
3 The firſt is, Part of the Air beneath them 
. being carried away by contrary Winds blowing 
14 from the ſame Place *, the Remainder be- 
comes too light to buoy them up, and ſo the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 
forms Drops of Rain +. Another is great 


Quan- 


* Perhaps it may be thought, that when the Air, which im- 
ends over any Place, is carried away from thence by contrary 

Winds, the Vapours which float in it ſhould be carried away 
too; and ſo the few that remain ſhould be eaſily ſupported ; 
or, if they fall, ſhould not produce much Rain. | 

Now, in anſwer to this, it muſt be conſidered, that as the in- 
ferior Air is carried away from any Place by contrary Winds, the 
Height of the Atmoſphere is diminiſhed thereby; wherefore, in 
all Probability, the ſuperior Air ruſhes in by a contrary Current 
to fill up the Vacuity at the 'Top, which bringing in its Contents 
of Vapour affords a continual Supply for the Rain that falls. 

+ A remarkable Inſtance we have of this, in that Part of the 
Atlantic Ocean, which the Sailors call the Rains, (fee Diſſert. V.) 
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Quantites of them, being driven by the Winds 
againſt the Sides of Mountains, are thereby 
made to coaleſce, and ſo conſtitute Rain -. 


It 


from the frequent Rains tliat fall there: the Occaſion of which 
is, that the Atmoſphere is diminiſhed by continual contrary 
Winds blowing from thence, ſo that it is not able to ſuſtain the 
Vapour it receives. th | | 
P * this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the Eaft-Indies, and at Jamaica 
in the Weſt. See Dr. Gordon's Diſcourſe on the Cauſes of the 
Change of Weather, Philoſophical Tranſactions, No. 17 
© the Rivers of Indus and Ganges, ſays he, where they enter the 
“Ocean, contain between them a large Cher /one/us, which is di: 
* yided in the Middle by a Ridge of Hills, which they call the 
Gate, which run along from, Eaſt to Weſt, and quite through 
eto Cape Comori. On the one Side is Malabar, and on the other 
Coromandel. On the Malabar Side, between that Ridge of 
«© Mountains and the Sea, it is after their Appellation Summer 
« from September till April; in which Time it is always a clear 
Sky, without once, or very little Raining. On the other Side 
© the Hills, on the Coaſt of Coromandel, it is at the fame Time 
« their Winter, every Day and Night yielding Abundance of 
« Rain, and from April to September it is, on the Malabar Side 
& their Winter, and on the other Side their Summer: So that 
« in little more than twenty Leagues Journey in ſome Places, as 
« where they croſs the Hills to St. Thomas, on the one Side of 
ce the Hill you aſcend with a fair Summer; on the other you 
« deſcend with a ſtormy Winter. The like is {aid to be at Cape 
*« Raxalgate in Arabia. And Dr. Tropham relates the ſame of 
« Jamaica, intimating that there is a Ridge of Hills which runs 
“ from Eaſt to Weſt, through the midi of the Iſland, and that 
c the Plantations on the South Side of the Hills have, from 
% Nowember to April, a continual Summer, whilſt thoſe on the 
North Side have as conſtant a Winter, and the contrary-from 
% April to November. 5 | > 
From theſe and ſuch like Accounts it ſeems evident, that a 
e bare leſſening of the Atmoſphere's Gravity will not occaſion 
Rain,; but that there is alſo needful either a ſudden Change o 
% Winds, or a Ridge of Hills to meet the Current of the Air and 
* Vapours, whereby the Particles of the Vapours are driven to- 
5 gether, and fo fall down in prope of Rain. and hence it Mo 
JEL ab 297 7 
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It is generally thought, That if the Vapours 
in their Deſcent paſs through a Region of Air 
ſufficiently cold, they are there frozen into 
Icicles, 


« that whilſt the Wind blows from the North-eaſt, viz. from 
« November to April (ſee the Account of the Monſoons in the 
foregoing Diſſertation) * there are continual Rains in the 
« northerly Plantations of Jamaica, and on the Side of Coroman- 
del in the Eaft-Indies, becauſe the Winds beat againſt that Side 
& of the Hills; and fo there is fair Weather on the other Side 
4 of theſe Hills, in Malabar and in the ſouthern Plantations of 
% Famaica, there being no Winds to drive the Vapours toge- 


« ther. But in the ſoutherly Monſoons, viz. from April to No- 


« vember, Malabar and the ſoutherly Plantations of Jamaica 
have Floods of Rain, the Wind beating againſt that Side of 
ce the Hills, whilſt in Coromandel, and the other Side of Jamaica, 
« there is fair and clear Weather. 


« 'This ſerves alſo to clear the Singularity of Seaſons in Peru, 


„ beyond any other Parts of the Earth, and ſeems to be aſſigned 
« by Acoſta as the Cauſe of it. Peru runs along from the Line 
« Southwards about a thouſand Leagues. It is ſaid to be divided 
„ into three Parts, long and narrow, which they call Lanes, 


&« Sierras, and Andes; the Lanes, or Plains, run along the South- 


6 Sea Coaſt ; the Sierras are all Hills with ſome Vallies ; and 
« the Andes ſteep and craggy Mountains. The Lanes have ſome 
« ten Leagues in Breadth, in ſome Parts leſs, and in ſome more; 
the Szerras contain ſome twenty Leagues in Breadth, the Andes 
* as much, ſometimes more, ſometimes leſs ; they run in Length 
« from North to South, and in Breadth from Eaſt to Weſt. This 
Part of the World is ſaid to have theſe remarkable Things: 
« 1. All along the Coaſt, in the Lanos, it blows continually with 
one only Wind, which is South and South-weſt, contrary to 
c that which uſually blows under the torrid Zone. 2. It never 
« rains, thunders, ſnows, or hails in all this Coaſt, or Lanes, 
% though there falls ſometimes a ſmall Dew. 3. Upon the 
& Andes it rains almoſt continually, though it be ſometimes 
« more clear than other. 4. In the S7erras, which lie be- 
e tween both Extreams, it rains from September to April, but 
* jn the other Seaſons it is more clear, which is when the Sun 
&« js fartheſt off, and the contrary when it is neareſt. Now 
& the Reaſon of all ſeems to be this; The eaſtern Breezes, 
« which blow conſtantly under the Line, being ſtopp'd in or 

| „ Courſe 
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Icicles and form Snow. But this Opinion ſeems 
to be falſe; becauſe it frequently ſhows when 
the Barometer is high, at which Time the Va- 
pours cannot begin to fall. It is therefore more 
probable, that they are firſt frozen into Icicles, 
and by that means ſhooting forth into ſeveral 
Points every Way from the Center (agreeably 
to the Nature of Freezing) loſe their Form; 
and fo becoming ſpecifically heavier than Air 
fall down, and in their Paſſage, ſeveral being 
congealed together, form Fleeces of Snow +. 
Hail is evidently no other than Drops of 
Rain congealed into Ice. This happens, when 
in their Paſſage through the inferior Air, they 


«« Courſe by the Sierras and Andes, and yet the ſame Breezes 
« being to be found in the South Sea beyond Pera, as appears 
ce by the eaſy Voyages from Peru to the Philippines, a Current 
« of Wind blows from the South on the Plains of Peru, to ſup- _ 
„ ply the eaſtern Breeze on the South Seas, and there being but 
c one conſtant Gale on theſe Plains, and no contrary Winds or 
«© Hills for it to beat upon, this ſeems to be the Reaſon why the 
1 Vapours are never or very ſeldom driven into Rain. And 
d the Andes being as high perhaps in many Places as the Va- 
« pours aſcend in the higheſt Degree of the Atmoſphere's Gra- 
« vity, this may probably be the Reaſon. why the eaſtern 
« Breeze, beating conſtantly againſt thefe Hills, occafions Rain 
„ upon them at all Seaſons of the Year. And the Srerras being 
e it ſeems lower than the Andes, therefore from September to 
« April, when the Sun 1s neareſt, and ſo the Atmoſphere's 
< Gravity leſs, and the Vapours lower, they are driven againſt 
c the Sierras into Rain.“ 
The like is to be ſaid of other Countries. They are all, cæreris 
paribus, more or leſs rainy, as they are more or leſs mountainous. 
 Z£gypt, which is quite without Mountains, has ſeldom or 
never any Rain; but is plentifully watered by the Nile, which 
yearly riſes above its Banks, and overflows the Country. 
I See a Diſcourſe on the Nature of Snow, Philoſophical 
Tranſactions No. 92. N 5 
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meet with nitrous Particles, which are known 
to contribute greatly to Freezing. Their 
Magnitude is owing to a freſh Acceſſion of 
Matter, as they paſs along. Hence we ſee the 
Reaſon why Hail is ſo frequent in Summer; 
becauſe at that Time greater Quantities of Nitre 
are exhaled from the Earth, and float up and 
down in the Air. 

If the Vapours, after they are exhaled from 
off the Waters, do not riſe very high in the 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we call a 
Fog. And if they aſcend higher, they till 
appear in the ſame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are at 
an equal Height with them ; though to thoſe, 
who are below, they appear as Clouds. 

If they fall to the Earth, without uniting 
into Drops large enough to be called Rain, 
they are then faid to fall in Dew. | 


See farther on this Subject, Derham's Phyſ. 
Theolog. Book I. Chap. 3, and Book II. 
Chap. 5. Spectacle de la Nature, Dialog. 21, 
and 23, Nieuwentyt Contempl. 19. Clare's 
Motion of Fluids. Regnault, Vol. III. Con- 
verſat. 7. Muſſchenbroek Epitom. Phyſ. Ma- 
themat. Par. II. Cap. 24. Melchior Verdries 
Phyfic, Pars ſpecial. Cap. V. $. 8. And the 
3 referred to in Mr. Johnſon's Queſtiones 


Philoſoph, Cap. IV. Queſt. 7. 
P p. IV. Quæſt. 7 p18. 
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DISSERTATION vl. 


Of the Cauſes of Thunder and Light 
ning, and K the Aurora Borealis. Nay 


HOSE Philoſophers, who maintain chat 
Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
plained in the foregoing Diſſertation) account 
for the Phenomena of Thunder and Lightning. 
in the following Manner, They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 


-. combuſtible Matter, which are exhaled from 


the Earth, and carried into the higher Regions 
of the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance ; which, when a ſufficient Quantity of 
fiery Particles is ſeparated from the Vapour by 
he Collifion of two Clouds, or other wiſe, 
takes Fire, and ſhoots out into a Train of 
Light, greater or leſs, according to the Strength 
and Quantity of the Materials. 
The Opinion 1s falſe for the Reaſons men= 
_ tioned in the foregoing Diſſertation, which 
_ plainly ſhow, that it is impoſſible the Vapours 
| ſhould be attended with ſuch fiery — 


as is dere ſuppoſed. 
Neither 
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Neither have we Occaſion to fly to ſuch an 


Hypotbeſis; for, as Vapours exhaled from the 


Surface of the Water are carried up into the 
Atmoſphere : in like Manner, the Efluvia 
of ſolid Bodies are continually aſcending thi- 
ther : Now we find by Experiment, that there 
are ſeveral inflammable Bodies, which, being 


mixed together in due Proportion, will kindle 


into Flame by Fermentation alone, * without 
the Help of any fiery Particles +. When there- 
. fore 


* See the Theory of Fermentation explained in the follow- 
ing Diſſertation. | | | 

+ Monfieur Lemery having covered up in the Earth about 
fifty Pounds of a Mixture compoſed of equal Parts of Sulphur, 
and Filings of Iron tempered with Water ; after eight or nine 
Hours Time, the Earth, where it was laid, vomited up Flames. 
Hiſt. de PAcad. 1700. p. 574. | | | 

From this Experiment we ſee the true Cauſe of the Fire of 


Ana and Veſuuius, and other burning Mountains. They pro- 


bably are Mountains of Sulphur, and ſome other Matter proper 
to ferment with it, and take Fire. From like Cauſes proceeds 
the Heat of Bath-waters, and other hot Springs. 

Mix a ſmall Quantity of Gun- Powder with Oyl of Cloves, pour 
gently upon this Mixture, two or three times as much Spirit of 
Nitre, and you will obſerve a bright Inflammation ſuddenly 
arifing from it. A Mixture of the two Fluids alone will take Fire; 
the Powder is added only to augment the Inflammation. 

Take two Pounds of Nitre, or refined Salt Petre well dried and 
reduced to the fineſt Powder, with a Pound of Oyl of common 
Vitriol: From this Mixture may be drawn by Diſtillation a Spirit 
of Nitre capable of inflaming Oyl of Turpentine. Mem. de 
PAcad. 1726, p. 97, Sc. Put into a Glaſs an Ounce of this 
Spirit of Nitre, with an Ounce of Oyl of Vitriol; pour upon it an 
equal Quantity of Oyl of Turpentine, and a very fine Flame will 
ariſe ſuddenly with a great Exploſion. When the Liquors are 
freſh the Effect is much greater. If we mix a Pram of the Spirit 
of Nitre and three of Oyl of Turpentine, with only one the 
a purer 
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fore there happens to be a proper Mixture of 
the Efiuvia of ſuch Bodies floating in the 
Air, they ferment, kindle, and flaſhing like 
Gun-powder, occaſion thoſe Exploſions, and 
Streams of Fire, which we call Thunder and 
Lightning. et RO 
As to the particular Species of the Efluvra, 
which compoſe this Mixture, that cannot ex- 
actly be determined; they are thought to be 
chiefly ſulphureous and nitrous : ſulphurecus, 
becauſe of the ſulphureous Smell which Light- 
ning generally leaves behind it, and of that 
ſultry Heat in the Air which is commonly the 
Fore-runner of it: nitrous, becauſe we don't 
know of any Body ſo liable 'to a ſudden and 
violent Exploſion, as Nitre is *. 
185 The 


Spirit of Vitriol, the Mixture will take Fire immediately. If the 
ſame Experiment be made with the Balm of Mecca, a ſudden 
Flame will ariſe, with a Noiſe like that of the Report of a Gun. 

There are two celebrated Experiments of this Kind, though 
they do not come up exactly to the preſent Purpoſe, becauſe 
they will not ſucceed, unleſs the Ingredients be firſt heated, the 
one of Aurum fulminans, and the other of Pulis fulminans. 
The firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 
Aqua Regia. A ſmall Quantity of this, if put into a Braſs Spoon, 
and heated with the Flame of a Candle, cauſes a ſudden Noiſe 
reſembling that of Thunder; and goes off with great Violence. 
The other is a Mixture of three Parts of Nitre, two of Salt of 
Tartar, and one of Sulphur. This Mixture when ſet upon the 
Fire, and warmed to a certain Degree, is diſſipated all on a ſud- 
den with great Thundering, like the Aurum fulminans. 

See an Account of Exhalations taking Fire of their own 
Accord in Coal-Pits. Powers Experimental Philoſophy, p. 62, 
and 181. | 

* Dr. Lifter is of Opinion, That the Matter both of Thunder 
and Lightning, and alſo of Earthquakes, is the ZZuwie of the 

5 | | | | Pyriter, 
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The Effects of Thunder and Lightning are 
-owing to the ſudden and violent Agitation the 
Air is put into thereby, together with the 
Force of the Exploſion * ; and not to Thun- 
derbolts falling from the Clouds, as ſuppoſed 
by the Vulgar +. - | 


- Pyrites ; as he does, that the Matter of Vulcano's is the Pyrites 
_ itſelf, This is a Mineral that emits copious Exhalations, and is 
exccedingly apt to take Fire upon the Admiſſion of Moiſture. 
See the Doctor's Defence of his Notion in the Philoſophical 
Tranſactions, No. 157. He thinks this may be the Reaſon why 
England is ſo little txoubled with Earthquakes, and Lady, and 
' almoſt all Places round the Mediterranean Sea, fo very much, 
ix. becauſe the Pyrites are rarely found in England; and 
where they are, they lie very thin, in Compariſon of what they 
do in thoſe Countries: as the vaſt Quantity of Sulphur, emitted 
from the burning Mountains there, ſeems to ſhew. | 
* Lightning is ſaid to have diffolved Silver, without burning 
the Purſe it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occaſion of this 
may poſſibly be, that the Matter of the Exhalation may be fo 
' ſubtle and penetrating, that, as we ſee it happens with Agaa 
Fortis, or volatile Salts, it may paſs through ſoft Bodies with- 
out altering their Texture, while it ſpends it whole Force on 
hard ones, in which it finds the greater Reſiſtance, 
Some are inclined to think, that Thunderbolts are arti- 
ficial, and that they were applied by the Ancients to ſome Uſe. 
What confirms them in their Opinion, is, that they are found 
more frequently where Sepulchres have been, than in other 
Places. And, as it was the Cuſtom of the Ancients to have 
their Arms buried With their Aſhes, they think they might be 
of ſome Uſe in War. Some are of Opinion, they were uſed in 
Sacrifices. See Melchior Verdrie's Phyſic. Pars ſpecial Cap. V. 
$. 9. Medelius Exercit. Med. Philol. Cont. II. Dec. I. p. 103. 
Sehminckius Prof. Marpurg. Diſſertat. de Urnis Sepulchralibus, 
& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret. 
Weſtphal. Mimigard. Gentil. p. 44. Fo. Henr. Cobarſer 
Oſſileg. Hiſtor. Phyſic. p. 44. ps | 1 
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The Diſtance the Thunder is from us, may 
nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
the Thunder. For, as the Motion of Light i is 
ſo very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
ſand Feet in a Second; allowing a thouſand - 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. 

We ſometimes ſee Flaſhes of Lightning, 
though the Sky be clear and free from Clouds; 
in this Caſe they proceed from Clouds, that 
lie immediately below our Horizon. 


Of Affinity with the Phenomena of Light- 
ning are thoſ: of the Aurora Borealis, or Nor- 
page Lights, which, of late Years, have very 
| ns appeared in our Climate . Theſe 

Lahe differ ſo much from each other, that to 
give a Deſcription of one alone, would not be 


* Phenomena of this Kind are © reported to have been very 
frequent in Greenland, Iceland, and Norway, Countries near 
the Pole. The only ones, that are upon Record, as having 
appeared in Eagland, before that of March the 6th, 17g. are 
thoſe of January the zoth, 1560, Octeber the 7th, 1564, No- 
vember 14th and 15th, 1 $74, and a {mall one ſeen near London 
on the gth of Huguſt, 1708. On November the 16th, 1707, a 
mall one appeared in Jreland, Since that of March the 6th, 
17332 they have been, and full continue very common. 
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ſufficient to acquaint the Reader with all the 

Circumſtances wherewith they are attended. 

I ſhall therefore collect together ſuch Phæno- 

mena, as have been moſt generally obſerved, 
and reduce them to the ten following Propofi- 

tions, adding in the Notes, by Way of Speci- 

men, a full Account of that moſt remarkable 
Aurora, which was ſeen March the 6th 1713, 
as it was laid before the Royal Society by Dr. 

Halley, at their Requeſt +. 5 

| The 


+ © On Twe/aay the 6th of March, in the Year 1716 (the Af- 
0 ternoon having been very ſerene and calm, and ſomewhat 
e warmer than ordinary) about the Time it began to grow dark 
* (much about ſeven of the Clock) not only in London, but in 
all Parts of England, where the Beginning of this wonderful 
e Sight was ſeen ; out of what ſeemed a duſky Cloud, in the 
«« North-eaſt Parts of the Horizon, and ſcarce ten Degrees high, 
<« the Edges whereof were tinged with a reddiſh Yellow, like as 
« if the Moon had been hid behind it, there aroſe very long 
luminous Rays, or Streaks perpendicular to the Horizon, ſome 
« of which ſeemed nearly to aſcend to the Zenith. Preſently af- 
<« ter, that reddiſh Cloud was ſwiftly propagated along the 
« northern Horizon into the North-weſt, and ſtill farther weſter- 
ly; and immediately ſent forth its Rays from all Parts, now 
« here, now there, they obſerving no Rule or Order in their ri- 
<« fing. Many of thoſe Rays, ſeeming to concur near the Zenith, 
« formed there a Corona, or Image, which drew the Attention 
ce of all Spectators. Some likened it to that Reprefentation of 
« Glory, wherewith our Painters in Churches ſurround the Holy 
« Name of God. Others to thoſe radiating Stars, wherewith 
« the Breaſts of Knights of the Order of the Garter are adorned. 
« Many compared it to the Concave of the great Cupola of St. 
« Paul's Church, diſtinguiſhed with Streaks alternately light and 
« obſcure, and having in the Middle a Sprce leſs bright than the 
« reſt, reſembling the Lanthorn. Whilſt others, to expreſs as. 
« well the Motion as Figure thereof, would have it to be like the 
« Flame in an Oven, reverberated and rolling againſt the —_— | 
ks 
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The moſt general Phenomena of an Aurora 


Borealis are theſe that follow, _ 


I. In the northern Parts of the Horizon, 


there is commonly the Appearance of a very 
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Roof thereof: Some thought it liker to that tremulous Light, 
which is caſt againſt the Cieling hy the Beams of the Sun, re- 
flected from the Surface of the Water in a Baſon, that's a little 
ſhaken. But all agree, that this Spectrum laſted only a few 
Minutes, and exhibited itſelf variouſly tinged with Colours, 
Yellow, Red, and a duſky Green : Nor did it keep in the 
ſame Place ; for when firſt it began, it appeared a little to the 
Northwards of the Zenith, but by Degrees declining towards 
the South, the long Striæ of Light, which aroſe from all! 
Parts of the Northern Semicircle of the Horixon, ſeemed to 
meet together, not much above the Head of Caftor, or the 
northern Twin, and there ſoon diſappeared. Bl TE 
« After the firſt Inpetus of the aſcending Vapour was over, 
the Corona appeared no more; but ſtill, without any Order, 
as to Time or Place, or Size, luminous Radii, like the for- 
mer, continued to arife perpendicularly, now oftener, and 
again ſeldomer; now here, now there; now larger, now 
ſhorter. Nor did they proceed as at firſt, out of a Cloud, 


but oftener would emerge at once out of the pure Sky, which 


was more than ordinary ſerene and fill. Nor were they all 
of the ſame Form. Moſt of them ſeemed to end in a Point 
upwards, like ere& Cones ; others like truncate Cones, or * 
Cylinders, ſo much reſembling the long Tails of Comets, 
that at firſt Sight, they might well be taken for ſuch, Some 
of thoſe Rays would continue viſible for ſeveral Minutes; 


when others, and thoſe the much greater Part, juſt ſhewed 


themſelves, and died away, Some ſeemed to have little Mo- 


tion, and to ſtand, as it were, fixed among the Stars, whilſt 
others, with a very perceptible Tranſlation, moved from Eaſt 
to Weſt under the Pole, contrary to the Motion of the Hea- 


vens; by which Means they would ſometimes ſeem to run 
together, and at other Times to fly one another. 

« After this Sight had continued about an Hour and a half, 
thoſe Beams began to riſe much fewer in Number, and not near 


ſo high; and by Degrees, that diffuſed Light, which had illuſ- 


« trated 


{1 
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black Cloud; but it is evident that it is no 
real Cloud, becauſe the ſmalleſt Stars. are vi- 
ſible through it. This apparent Cloud is ex- 


tended ſometimes farther towards the Weſt, 
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trated the northern Parts of the Hemiſphere, ſeemed to ſuh- 


ſide, and ſettling on the Horizon, formed the Reſemblance of 

a very bright Crepu/cu/um. That this was the State of this Phg- 
acmenon, in the firſt Hours, is abundantly confirmed by the 
unanimous Conſent of ſeveral. For, by the Letters we haye 
received from almoſt all the extreme Parts of the Kingdom, 
there is found very little Difference from what appeared at 
London and Oxford ; unleſs that in the North of Englarg, 
and in Scotland, the Light ſeemed ſomewhat ſtronger and 
brighter. 5 

66 Hlicherto I have related the Obſervations of others; as to 
myſelf, I had no Notice of this Matter, till about nine of the 
Clock: I immediately perceived toward the South and South - 
weſt Quarter, that though the Sky was clear; yet it was tinged 
with a ſtrange Sort of Light ; ſo that the ſmaller Stars were 
ſcarce to be ſeen, and much as it is when the Moon of four 
Days old appears after Twilight. I perceived at the ſame 
Time a very thin Vapour to paſs before us, which aroſe from 


the preciſe Eaſt Part of the Horizon, aſcending obliquely, ſo 


as to leave the Zenith about fifteen or twenty Degrees to the 
Northward. But the Swiftneſs, wherewith it proceeded, was 
ſcarce to be believed, ſeeming not inferior to that of Light- 
ning; and exhibiting, as it paſſed on, a Sort of momentaneous 
Nubecula, which diſcover'd itfelf by a very diluted and feint 
Whiteneſs ; and was no ſooner formed, but before the Eye 
could well take it, it was gone, and left no Signs behind it. 
Nor was this a ſingle Appearance; but for ſeveral Minutes, 
about ſix or ſeven Times in a Minute, the ſame was again and 
again repeated ; theſe Waves of Vapour regulary ſucceeding 
one another, and at Intervals very nearly equal; all of them 
in their Aſcent producing a like tranhent Nubecula. 

By this Particular we were firſt aſſured ; that the Vapour we 


ſaw, became conſpicuous by its own proper Light, without the 


Help of the Sun's Beams; for theſe Nubeculz did not diſcover 
themſelves in any other Part of their Paſſage, but only betwegn 
the South-eaſt and South, where being oppoſite to the Sun, 
; N « they 


——— 


l Diſſ. VII. Of the Aurora Borealis, 15t 
than to the Eaſt; ſometimes farther towards 


the Eaſt, than to the Weſt; and generally takes 


up a Quarter of the Horizon, more or leſs, - 


2. The 


e they were deepeſt immerſed in the Cone of the Earth's Sha- 


*« dow ; nor were they viſible before or aſter. Whereas the 


* contrary muſt have happened, had they borrowed their 
* Light from the Sun, | 5 
On the weſtern Side of the northern Horizon, vier. between 
« Weſt and North-weſt, not much paſt ten of the Clock, I ob- 
<« ſerved the Repreſentation of a very bright Twilight, con- 
C tiguous to the Horizon, out of which aroſe very long Beams 
* of Light, not exactly erect towards the Ferteæ, but ſomething 
*« declining towards the South; which, aſcending by a quick 
e and undulating Motion to a conſiderable Height, vaniſhed in 
6 a little Time; whilſt others, though at uncertain Intervals, 


4 ſupplied their Place. But at the ſame Time, through all the 


« reft of the northern Horizon, viz. from the North-weſt to 
< the true Eaſt, there did not appear any Sign of Light to ariſe 
« from, or join to, the Horizon ; but what appeared to be an 
« exceeding black and diſmal Cloud, ſeemed to hang over all 
c that Part of it. Yet was it no Cloud, but only the ſerene Skx, 
«© more than ordinary pure and limpid, fo that the bright Stars 
«4 ſhone clearly in it, and particularly Canuda gui, than very 
«« low in the North: the great Blackneſs manifeſtly proceeding 
* from the Neighbourhood of the Light, which was collected 
« ahove it. For the Light had now put on a Form quite different 
<« from all that we have been deſcribing, and had faſhioned itſelf 
« into the Shape of two Laminæ, or Streaks, lying in a Poſition 
*« parallel to the Horizon, whoſe Edges were but ill terminated. 
<«« They extended themſelves from the North by Eaſt to the 
« North-eaſt, and were each about a Degree broad; the un- 
« dermoſt about eight or nine Degrees high, and the other about 
14 four or five Degrees over it; theſe kept their Places for a long 
Time, and made the Sky ſo light, that I believe a Man might 
1 eaſily have read an ordinary Print by the Help thereof. 
+ Whilſt I was viewing this ſurpriſing Light, and expecting 
% what was farther to come, the northern End of the upper La- 
% zmina by degrees bent downwards, and at length cloſed with 
v the End of the other that was under it, ſo as to ſhut up on the 
North Side an intermediate Space, which ſtill continued open 
2 | : ; 66 to 
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152 Of che Aurora Borealis. Part II, 
2. The upper Edge of this Cloud (which 
is ſometimes within leſs than ſix Degrees of 


the Horizon, and ſometimes forty or fifty above 
| | it) 


« to the Eaſt. Not long after this, in the ſaid included Space, I 
* ſaw a great Number of ſmall Columns, or whitiſh Streaks, to 
« appear ſuddenly erect to the Horizon, and reaching from the 
one Lamina to the other; which inſtantly diſappearing, were 
« too quick for the Eye, fo that I could not judge, whether they 
<< aroſe from the under, or fell from the upper; by their ſudden 
* 'Alterations, they made ſuch an Appearance, as might well 
* enough be taken to reſemble the Conflict of Men in Battle. 
And much about the ſame Time, there began on a ſudden to 
« appear, low under the Pole, and very near due North, three or 
4e four lucid Areas, like Clouds, diſcoverins themſelves in the 
44 pure but very black Sky, by their yellowiſh Light. Theſe, as 
* they broke out at once, ſo after they had continued a few Mi. 
< nutes, diſappeared as quick, as if a Curtain had been drawn 
e over them: Nor were they of any determined Figure, but 
. both in Shape and Size might properly be compared to ſmall 
te Clouds illuminated by the full Moon, but brighter. 
« Not long after this, from above the foreſaid two Laminæ, 
* there aroſe a very great Pyramidal Figure, like a Spear, ſharp 
at the Top, whoſe Sides were inclined to each other, with an 
«© Angle of about four or five Degrees, and which ſeemed to 
5 reach up to the Zenith, or beyond it. This was carried with 
% an equable, and not very ſlow Motion, from the North- 
< eaſt where it aroſe, into the North-weſt, where it diſappeared, 
© ſtill keeping in a perpendicular Situation, or very near it; 
«© and paſting ſuccefhvely over all the Stars of the little Bear, 
« did not efface the ſmaller ones in the Tail, which are of the 
« fifth Magnitude ; ſuch was the extream Rariety, and Perſpi- 
s cuity of the Matter whereof it conſiſted. . 
This ſingle Beam was very remarkable for its Height above 
4 all thoſe, that, for a great while before, had preceeded it, 
«© or that followed it. hg n 
It being now paſt eleven of the Clock, and nothing new of- 
s fering itſelf to our View, but repeated Phaſes of the ſame 
«<-Speftacle 5 I obſerved, that the two Laminæ, or Streaks, 
« parallel to the Horiaon, had now wholly diſappeared ; and 
* the whole Spectacle reduced itfelf to the Refemblanceof avery 


Cc 


bright 
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it) is generally terminated with a very lucid 

Arch, from one to four or five Degrees broad, 
whoſe Center is below the Horizon. Some 


«* Segment of a very broad Iris, but of one uniform Colour, 
© vx. a Flame - Colour inclining to Yellow, the Center thereof 
c being about forty Degrees below the Horixon. And above 
« this there were ſeen ſome Rudiments of a much larger Seg- 
« ment, with an Interval of Sky between, but this was ſo ex- 
« ceeding feint and uncertain, that I could make no proper 
% Eftimate thereof. | | 3 
« I attended this Phenomenon till near three in the Morning, 

© and the Riſing of the Moon: But for above two Hours toge- 

c ther it had no Manner of Change in its Appearance, nor Di- 

«© minution, nor Increaſe of Light; only ſometimes, for very 
« ſhort Intervals, as if new Fewel had been caſt on a Fire, the - 
« Light ſeemed to undulate and ſparkle not unlike the riſing of 
a vaporous Smoak out of a great Blaze when agitated. But 

«© one Thing I aſſured myſelf of, that the Ivis. like Figure did by 

« no means owe its Origin to the Sun's Beams: For that about 

« three in the Morning, the Sun being in the Middle between 

% the North and Eaſt, our Aurora had not followed him, but 
« ended in that very Point where he then was: Whereas in the 

« true North, which the Sun had long paſſed, the Light re- 
« mained unchanged, and in its full Luſtre,” “ 4 

Appearances of this Kind have been taken Notice of both by 

Pliny, Seneca, and £5) a the laſt of which calls the vibrating 

Light near the Zenith, ano; the more fteady perpendicular 

Streams, Aox61 ; and the Aurora itſelf, from the apparent dark 
Cloud juſt below it, X47 ua. That Aurora which was — 


154 Of che Aurora Borealis. Part II. 
times there are- two or more of theſe Arches, 
one above another. In ſome, the Cloud is not 
terminated by an Arch, but by a long bright 

4 Streak 


by Monſieur Gaſſendi in Provence, on the 2 1ſt of September, in 
the Year 1621, was very remarkable, at that Time. 

He tell us, that about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, there 
appeared in the North a Sort of a riſing Morn, which aſcend- 
ing by Degrees, became intermingled with certain Streaks, as 
it were, or Rays perpendicular to the Horizon: And that at the 
fame Time there appeared ſome ſmall paſſing whitiſh Clouds 
between the South and the Place of the Sun's Etting in Winter: 
and that in the Place where the Sun ſets in Summer, a bright 

Redneſs ſeemed to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Eguinox; and 
which was diſtinguiſhed into three ſeveral Pyramids, which in 
a little Time were confounded one with another, and at laſt 
diſappeared. When this Redneſs ceaſed, the northen Whiteneſs 

was riſen forty Degrees and more, that is, about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up near 
fixty Degrees of the Horixon. After this, certain Chevrons, or 
Columns of Rays, ſome whiter, and ſome a little darker, began. 
more plainly to be diſtinguiſhed, of about two Degrees in 
Breadth, and perpendicularly poſited ; fo that all that Part ap- 
peared as it were fluted. 'The whole Circumference imme- 
diately appeared ſcalloped ; and then ſome of thoſe Columns 
- Which were in the Middle, and that were the whiteſt, began as 
it were to leave their Places with great Impetuoſity, and in leſs 
than a Quarter of a Minute, raiſed themſelves almoſt to the 
Top, putting on the Form of Pyramids, which they would re- 
tain four or five Minutes. It was about nine of the Clock, 
when the Arch of Whiteneſs began to decreaſe or ſink; at 
which Time certain very white Streams of Smoke began to 
iſſue out from the Columns which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 
through the Pyramids, like Javelins, vaniſhed immediately 
when they came to the Tops of them. This Spectacle laſted 
about an Hour; after which the Whiteneſs ſunk down to 
about ſix Degrees of the Horinor. FYide Abrege de Gaſſendi, 
Tom. V. P. 245. | | 
| This 
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Streak of Light, lying parallel ts the Horizon; 
The Limb of this luminous Arch, or parallel 
Streak is not always even and regular, but 
ſinks lower in ſome Parts, than in others. 
3. Out of this Arch proceed Streams of 
Light, generally perpendicular to the Hori- 
Zon, but ſometimes a little inclined to it. 
Moſt of them ſeem to end in a Point, like 
Pyramids or Cones; and often very much re- 
ſemble the Tails of Comets. Sometinies there 
is no luminous Arch, nor Streak of Light; 
and then the Streams ſeem to iſſue out from 
behind the dark Cloud; being diſtin& from 
each other at their . 
4. The upper Ends of the Streams inceſſant- 
ly appear and vaniſh again; as quick as if a 
Curtain were drawn backwards and forwards 
before them ; which ſometimes cauſes ſuch a 
ſeeming trembling in the Air, that you would 


This Phænomenoa appeared not only to Ga//-nd? in Provence, 
but was ſeen at Places very diſtant from thence, as To/a/e, Mon- 
taubon, Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. 
and -at moſt 'other Places in France, and the neighbouring 
Countries, that lie to the Northwards of Prowence, unleſs waere 
it was intercepted by Clouds ; but no where in ſuch as lie at 
any great Diſtance to the Southwards of it. | . 

Monſieur G Dndi is thought to have given the Name of 
Aurora Borealis to this Phenomenon ; but this is obſerved by 
Monſieur Mairan, to be a Miſtake. See Mr. Mairau's Phy- 
fical and Hiſtorical Treatife of the Aurora Borealis, in the 
Memoires de] Academie Royale des Sciences, Ante 1731. or an 
Abſtra& of it in Philoſoph. Tranſact- No. 431. . 
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imagine the upper Part of the Heavens to be, 


as it were, in Convulſions *. 
5. They ſometimes ſeem to meet in the Ze- 


nith, or more commonly to the Southward of 


it, about ten Degrees, more or leſs (ſometimes 
they deviate a little to the South-eaſt of the 


Meridian, and ſometimes to the South-welt) ; 
and there curling round, in ſome Meaſure, imi- 


tate Flame confined under an Arch; and being 
frequently tinged with various Orders of Co- 


lours, exhibit a moſt beautiful Appearance, re- 
ſembling a Canopy finely painted , of about 
ten or twenty Degrees in Breadth. 

In many Aurora's, there are Streams aſcend- 
ing from thoſe Parts of the Heavens, which lie 


ſeveral Degrees to the Southwards of the Cano- 


py ; and in ſome, they appear to ariſe, though 
very rarely, almoſt as large, and numerous 
from the ſouthern, as from the northern Parts 
of the Horizon. ; 

6. The Height of the Aurora Borealis is 
very great; for that of March the ſixth 171 
was viſible from the Weſt Side of 1 to 
the Confines of Ruffia and Poland on the 
Eaſt, and perhaps farther ; extending at leaſt 
over thirty Degrees of I ongitude, and i in La- 


* Sce their Motions well deſcribed in the Account we have 
of an Aurora in the Philoſoph. Tranſat. No. 395. Art. 2. 

+ See the various Colours of the Canopy, as well as thoſe of 
an Aurora itſelf, accurately deſcribed by Pr. Greenwood, in 
Philoſoph. Tranſa. No. 418. Art. 1. 
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titude from about the fiftieth Degree over al- 
mot all the North of Europe, and at all Places, 


exhibiting, nearly at the ſame Time, the lame 


r e 
. Theſe Appearances have always been 


very frequent (as far as the Accounts we have 
of them inform us) in Countries that lie in, or 
near the frigid Zone, but very rare in thoſe 


of our Latitude; they are now become very 


frequent with us, but always ſeem to proceed 
from the North ; and are as yet unknown to 
the Inhabitants of the more ſouthern Parts of 
our Hemiſphere. Whether they are ſeen to 
thoſe, who inhabit in, or near the other frigid 
Zone, is to us unknown. 

8. In ſome, there are Trains of Light run- 
ning horizontally, ſometimes from the Middle 


to the Extremes, and ſometimes from one Ex- 


treme to the other. And from theſe Trains 
often ariſe Streams perpendicular to the Hori- 
zon, and accompanying them as they paſs 


along, 


9. When all the Streaming is over, the Au- 


rora Borealis commonly degenerates into a 


bright Twilight i in the North, and there * 


dually dies away. 
10. It is probable, that theſe Phenomena 


often happen in cloudy Nights, though we are 
not ſenſible of them; for tis obſervable, that 
in buch Nights, there is frequently more Light 

X 2 than 
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than _y_ pſnally proceeds from the Stars 


* 


The 0 obvious solution of the A 
Burealis, or at leaſt what would appear ſo, 
to ſuch as have only attended to the Circum- 
ſtances of ſome particular ones, and which has 
accordingly been affixed by ſeveral * to their 
Accauiits of the Aurora's they have ſeen, is is 
that it is a thin .Nitro-ſulphureous Vapour, 
raiſed in our Atmoſphere confiderably higher 
than the Clouds; that this Vapour by Fer- 
mentation takes Fire, and the Rxplogor of 
one Portion of it kindling the next, the 
Flaſhes ſucceed one another, till the wht 


Quantity of Vapour within their Reach is s ſet 
on Fire. 


— 


E Profeſſor 3 at the End of his Dikerivtion of a NY 
menon of this Kind, inſerted in the Philoſophical Tranſactions 
No. 365, obſerves, that ſuppoſing a Fund of Vapours or Exha- 
ktions at a conſiderable Height above us to be diffuſed every 
Way into a large and ſpacious Plane, parallel to the Horizon, 
that Fund of mixed Matter by Fermentation will emit Streams ; 
and that if the Wind be ftill, they will-aſcend perpendicularly 
upwards ; otherwiſe they will be inclined towards that Point of 
the Horizon which is oppoſite to that from which the Wind 
blows ; and that they will appear, by the Rules of Perſpectivè, 
in the firſt Caſe, to converge to the Spectator's Zenith, in the 
other, to ſome Point not far from it; and that if this F und of 
5 Vap ours be ſituated more to the North than the South, it will 
be Streams of Light attended with ſuch Circumſtances, as 
Th hen appeared: But he docs, not ſay, why the Vapours ould 
e ſituated rather to the North than to the South, or proceed 
be account fbr all the Phenomena of the Avrera — in 


| — from thence, 


Some 
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Some have thought, that Vapours rarefied 
exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 
be diſpoſed to ſhine in the Night, and rifing 
up to the Top of the Atmoſphere, or even be- 
| yond its Limits (as we find the Vapours of 
Gun-powder, when heated in Yacus, will ſhine 
in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
thoſe Undulations in the Air, which conſtitute: 
this Phænamena. 1 6” 85 
But theſe Hypotheſes have been rejected, as 
inſufficient: it having been thought impoſſible 
to account for all the Circumſtances of the 
Aurora by them ® _ A 


2 In the Commentaries of the Academy of Sciences at Peters- 
Burgb, I find a late Solution of the Aurora Barzalis from Exhala- 
tions fermenting and taking Fire in the Atmoſphere, which the 
Author Chr. Maier fays, occaſion the Appearance of the lacid: 
Arch in the North, and thinks, that the Streams, which ſeem 
to iffue from thence, are no other than the Light of that Arch 
reflected to us from the under Side of ſome thin Clouds, that 
lie above it, As to its appearing in the North rather than in the 
South, he ſuppoſes that may be _ to the Cold of thoſe Re- 
gions condenſing the Exalations, and thereby rendering-them 
more liable to ferment than they are in the ſouthern; but 
acknowledges ingenuouſly, that he has no Reaſon to ſuppoſe 
this, but its being neceſfary to his Solution. At the End he tells 
us, That it was known in ancient Times as well as lately: But 
omits taking Notice, that it appears much oftner of late Years 
in our Climate than it uſed to do; and ſo avoids accounting for 
that Particular. Viade Commentar. Academ. Scientiar. Imperial. 
Petropolitan. Tom, I. p. 351. Oe 


Dr, 
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Dr. Halley therefore has Recourſe to the 
magnetic Effiuvia of the Earth, which he ſup- 
| Poſes to perform the ſame Kind of Circulation 
with Regard to it, as the Efluvia of any par- 
ticular Terrella * do with reſpect to that, viz. 
that they enter the Earth near the South Pole, 
and pervading its Pores, paſs out again at the 
ſame Diſtance from the northern : And thinks, 
they may ſometimes, by the Concourſe of ſe- 
veral Cauſes very rarely coincident, and to us 
as yet unknown, be capable of producing a 
fmall Degree of Light, either from the greater 
Denſity of the Matter, or perhaps from the 
greater Velocity of its Motion; after the ſame 
Manner, as we ſee the Efluvia of Electric 
Bodies emit Light in the Dark. | 

Monſieur de Mairan has given us a Phyſi- 
cal and Hiſtorical Treatiſe of the Aurora Bo- 
reahs, and endeavours to prove that it is owing 
to the Zodiacal Light, or the Atmoſphere of 

the Sun, ſpread on each Side of it = the 
Zodiac in the form of a Pyramid. This, he 
ſays, is ſometimes extended to ſuch a Length 
as to reach beyond the Orbit of our Earth, and 
then mixing itſelf with our Atmoſphere, and 
being of an Heterogenous Nature, produces 


Abound Magnet, ſo called from the Reſemblance it bears 
1 0 m the en 


the 
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the ſeveral Appearances, which are obſerved | 


in the Aurora Borealis * 


I have juſt mentioned theſe two Solutions, 
becauſe they come from two very ingenious 
Philoſophers; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious Reveries of Perſons 


determined to frame an Hypotheſis at any Rate. 


I queſtion not, but we may find Materials for 


the Aurora BN without going ſo far for 


them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Efluvia of the 
Earth, or the Zodiacal Light, the Nature of 
both which we are wholly unacquainted with, 
The Materials employed in the firſt Solution 
(I mean ſuch Efluvia as are continually ex- 
haled from the' Surface and Bowels of the 


Earth) if rightly conſidered, will afford a very 


eaſy and natural one, as I ſhall endeavour to 
ſhew in the following Manner. 

Firſt, we are aſſured by Experiment, that 
there are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a De- 
gu of Expanſion, that they will render them- 

lves lighter than the Air they float in, though 


See his Account at large, referred to at the End of Note, 
Page 155. it 
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it be as rare, as it can be made by Art; for 
they will riſe to the Top of the Receiver, when 
Loonie *, that is when as much Air, as is 
poſſible, is drawn out +: Such Steams there- 
fore or Exhalations, riſing out of the Earth | 
from Mines, Vulcano's, Gc. muſt neceflarily 
be buoyed up towards'the Top of the Atmo- 
ſphere, at leaſt, till they come to a Region, 
where the Air is as rare and expanded, as it 
can be made by the Air Pump, here below. 
This Height according to Dr. Hallry's Com- 
putation d, (which he founded upon the Air's 
Elaſticity) is about forty or fifty Miles: but 
probubly it is much greater; for the Air, 
which is higher than Vapours and other He- 
Ferogeneous Matter that is not elaſtic, riſe to, 
being much purer than any we can make Ex- 
periments upon, may be indued with a much 
greater Degree of Elaſticity, and fo the At- 
moſphere may be conſiderably higher, than 
mo he upon that Principle, computes it to 
' Secondly, Theſe Effuvia being raiſed to 
the Top of the Atmoſphere, or near it, and 
floating there, will neceffarily be carried to- 
wards the polar Parts thereof, for the follow- 
Ing Reaſons. 1. Becauſe the ſaperior Current 


— — — 
— — Ws 


— — 


— 


* See Philoſoph. Tranſact. No. 347 and 360. 
It is impoſſble to extract all the Air out of a Veſſel, becauſe 
it is by the Spring of the Air remaining in the Veſſel, chat the 
Valves of the Pump are opened at each Stroke. 6 S | 
8 6 Tranſat, No. 181. 
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Diſſ. VII. Of zhe Aurora Borealis. x63 
of the Air, to a great Diſtance from the Zqua= 
tor, is that Way *. 2. We know from Ex- 

iment, that whatever ſwims upon a Fluid 
which revolves upon an Axis, is thereby car- 
ried towards that Axis. This is exactly the 
Caſe of theſe Efluvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 
volves about the Axis of the Earth; they muſt 
therefore neceſſarily be carried towards the 
polar Parts thereof. } 2719 
- Thirdly, Theſe Efluvia being collected 
together at, or near the Poles, and of an in- 
flammable Nature, may eaſily be: ſuppoſed to 
ferment, when they meet with other beteroge= 
neous ones proper to produce ſuch an Effect, 
and emit Streams of Fire; which Streams will 
naturally riſe up into ſuch Parts of the Atmoſ- 
phere as are ſtill lighter than that wherein the 
Effiuvia reſt, that is, directly upwards from 
the Center of the Earth. But, according to the 
Rules of Perſpective, thoſe Streams, though 
they really diverge, as Radii from a Center, 
will appear to a Spectator on the Surface of the 
Earth to converge towards a Point : which 
Point will ſeem to be directly over his Head, if 
the Streams aſcend in right Lines from the Cen- 
ter of the Earth: but if they deviate all one 
May from that Direction, the Point will be on 


* As explained in Diſſertation V. 
Y W 
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fartheſt from the Spectator's Eye. 
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that Side the Zenith towards which they in- 
e 

To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Ceiling of a Room, and a 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point, that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from over 
the Candle, towards that Side of the Room to 


which the upper Ends of the Strings incline : 
Nov if a Perſon had viewed them from the 


Place where the Candle was, and referred their 


Places to the Ceiling, they would have ſeemed 


to him to have converged towards the Point, 

where the Shadows did. : 
And if the Streams ſpread themſelves as 

they ariſe, but not too much, they will never- 


ela appear tapering towards the upper Ends, 


like Cones or Pyramids; juſt as the Sides of 
a long Walk ſeem to a Perſon that views them 


* This may be made to appear in the following 8 Let 


ADB (Eg. 38.) repreſent the Concave of the Heavens, AB the 


orizon, C the Place of the Spectator, IVa luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Sc. Theſe 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence to the 
Spectator's Eye, be parallel to the Streams. For Inſtance, the 
Stream ECG will ſeem to riſe from e to g, LM from / to , and 
FH from / to V, and ſo of the reſt. And NO will appear wholly 
in D, the Place to which the reſt ſeem to converge. And if the 
Streams are as large, or ſomewhat larger at the upper Ends, than 
at the lower, they will ſtill appear leſs there, thoſe Ends being 


from 


Diff, VII. Of tbe Aurora Borealis. 165 


from one End of it, or from a diſtant Place, 
to approach each other at that which i is fartheſt 
from him. 
This being premiſed, we may now account 
for the ſeveral Phenomena of the Aurora Bo- 
realis before laid down. As, 
1. The Blackneſs of the Sky, which gene- 
rally appears in the northern Parts of the Ho- 
7120n, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
{malleſt Stars are ſeen through it. 

2. The lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
| ſometimes of a ſtrait Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For, by the Rules 

of Per ſpective, when a ſtrait Line is diſtended 
horizontally, and above the Spectator's Eye, 
it ought to appear bent into a Curve, whoſe 
Center is below the Horizon *. Sometimes 
it appears on one Side the North Point, more 


* Thus, 8 a Perſon ſtands Heating a Row af Houſes, and 
looks over the Tops of them, if they are all of an equal Height, 
that Houſe which is neareſt him, will ſeem to cut the Heavens in 

a Point that will be higher than where it is cut by any of the reſt 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the Spectator, 
will deſcend lower and pe as the Houſes are farther off; ſo 


that the Points, taken all together, will rere a Curve. 
; * 2 than 
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| than on the other; ſometimes regular, ſome- 


times irregular, as the various Circumſtances 
of the Air's Motion at the Top of the Atmoſ- 
phere, and of the Situation of the flaming 
Matter may be. 

The Streams of Light, ifoing out of the 
lucid Arch, are Streams of Fire emitted up- 
wards Gom the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the Spectator. 
Why they incline a littie ſometimes Woo the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation 
of the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 


the Horizon, or by the Vapours which float i in 


great Quantities therein. 

4. The trembling obſerved in the upper Part 
of the 'Heavens, is owing to the Quickneſs 
wherewith the Flaſhes ſucced one another, and 
alſo to the irregular Motions and Agitations'of 
the ſuperior Parts of the Atmoſphere. 

. So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 


the Streams cannot ſeem to meet in a Point at 


the Top, as will appear to any one that conſi- 
ders the Figure referred to in the Note (p. 164), 
but after it has advanced forwards, or become 
kindled over our Heads, then they appear to 
meet, and form the Canopy already deſcribed; 
and when it has * TURNer ſtill, they ſeem 


ww 


* *. 
1 
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to ariſe from all Parts; though they are much 
fainter on the ſouthern than on the northern 
Side, ſo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever, paſſes. The Reaſon 
vhy the Center of the Canopy is generally a 
few Degrees to the South of the Spectator's 


Zenith , is becauſe the luminous Streams, 


which iſſue forth from the extreme Parts of the 
Subſtance of the Aurora, will naturally diverge 
a little from the middle ones; and, as thoſe 
which appear to us, proceed chiefly. from the 
ſouthern Side (that being neareſt to us) the 
Point of Convergency will neceſſarily be placed 
to the South of our Zenith, according to what 
was ſaid above about the Inclination of the 
Strings hanging from the Ceiling of a Room. 
If the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
of the Meridian, that depends upon the Mo- 
tion of that Part of the Air, which is above 
the Subſtance of the Aurora, and through 
which the Streams paſs, as they riſe. This 
alſo it is that makes the Streams ſeem to ariſe 
ſometimes a little obliquely. | 


* According to this Theory, the Center of the Canopy will 
always be near the Spectator's Zenith, where-ever he is; which. 
J believe is the Caſe, for I have met with no Account where 

it is otherwiſe ; and ſo every Spectator ſees a different Canopy, 


juſt as when ſeveral Perſons are viewing a Rainbow, no two 


| Perſons ſee the ſame Rainbow at the ſame Time. See Part III. 
P. 208. | | | 
6. The 
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6. The great Height of the Aurora is ow- 
ing to the exceeding Lightneſs of the Efluvia, 
which compoſe the Subſtance of it (as ex- 
plained above) and the darting of the Streams 
_ upwards, into Regions perhaps quite above 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame en at che 
tame Time. 
. That the Aurora appears near the Pole, 
and never at or near the Equator, is becauſe 
of the Tendency the Matter of it has towards 
1 Poles, as explained above. And that it 
appears in Places more diſtant from the Pole, 
an it formerly did, is becauſe the Effluvia, 
which are now raiſed from the Earth, are 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with others; 
which were formerly raiſed, and are now 
grown effete by frequent Fermentations and 
Exploſions. 

8. The horizontal Trains of Light are the 
Subftance of the Aurora juſt taking Fire, 
which runs from one Part to another, as in a 
Train of Gun- powder kindled in any one 


Part; and ſends up Streams perpendicularlß 


from Places, where it meets with a greater 
Quantity of Matter than ordinary, 

9. When the Matter of the Aurora is ſo far 
ſpent, as to emit no more Streams, it appears 
1 as a bright _ Light in the North, 

JE 51 which 
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which gradually dies away, for Want of freſh 
Fewel to ſupport it. „ 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats; it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds belo c. 


gSee farther on this Subject, Ariſtotel. Meteor. 
Lib. I. Cap. 4, 5. Plinii Hiſtor. Natural. 
Cap. 26, 27. Senec. Quzſt. Natural. Lib, I. 
Tycgſt. Prodigiorum ac Oſtentorum Chronicon, 
paſſim. Julius Obſeguens de Prodigiis, Cap. 
13, 43, 88. Gaſſendi Animadverſ. in Dic. 
Laert. Lib. X. p. 1157. Cornelius Gemma 
de divinis Nature Characteriſmis. Nicepbori 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. 16d. 
bs gp Hiſtor. Goth. Tom. I. p. 65. Bibli- 
othec. Orientalis Clementino-Vaticana, Tom. I. 
p. 407. Gregor. Tur. paſſim. Mer. de Lit. 
de l' Acad. des Inſcriptions & Belles Lettres, 
Tom. IV. p. 4.31. Miſcellan. Berolin. Tom. I. 
p. 137. Theatr. Comet. Stani ſ. Lubientetz, 
p. 264, 349 Mem. pour ſervir a I Hiſtor. de 
France, Tom. I. p. 168. Mem. de-Y Acad. 
Royal de Scienses, for almoſt each Year ſince 
1716. Philoſoph. Tranſ. N?. 305, 310, 320, 
347, 348, 349, 351, 352, 303, 365, 368, 
376, 385, 395, 398, 399, 402, 410, 418, 
431; and the Authors referred to by Mr. John- 
ſon, in his Quæſt. Philoſoph. Cap. IV. F. 3. 
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DISSERTATION vm. 


Of Fermentation. 


Y Aving had Occafion to mention ſome of 

the Effects of Fermentation, it may not 

be amiſs, before I put an End to theſe Diſſer- 

- tations, to add a ſhort Account of the Nature 

of it, and to ſhew how thoſe Effects are pro- 
duced by it. 

Fermentation is a mutual Commotion of the 
conſtituent Particles of Bodies, one among ano- 
ther; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh 
it into two Kinds; the one is that which hap- 
pens when a Solid is diſſolved by a Fluid; the 
other 1s, when two Fluids, being mixed to- 
gether, ferment with each other. 

Thoſe Authors, who have treated of the 
firſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral 
Circumſtances are neceſſary. Particularly Dr. 
Friend *, and Keil +, are of Opinion, 

I. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particle: of the Fluid attra& one 
another. 


© 


* See his Chymical Lectures. 
+ See his Letter to Dr. 8 De 1 Aunacbinvit. 


2. That 
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2. That the Pores of the Solid muſt not be 
too ſmall to admit the Partieles of the Fluid 


into them. 
That the Body be of ſo looſe a Contexs 
ture, that the Force of Impact, with which 
the Particles of the Fluid ruſh into its Pores, 
may be ſufficient to diſunite its Parte. 
4. That the Elaſticity of the Particles tends 
very much to promote, and augment the 
Fermentation. 
Dr. Boerbaave makes alſo four Conditions 
requiſite *, 
F. That there be a due Proportion between 
the Size of the Particles of the Huid, and the 


Pores of the Body to be diſſolved. 
2. That the Figure of the Particles of the 


Fluid have a determinate Relation to that of 


the Pores of the Solid. 
That the Particles of the Fluid be ſuffi- 


ciently ſolid, that their Moment, or Force of 

Action may not be too weak. | 

4. The laſt Qualification, he mentions, is 
a fit Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
make ſome ſtay there, and not immediately 
to paſs through; but to act every Way upon 
the Solid, as they move towards the external 
Surface thereof. 


Pr. Boerbaawe's Chemiltry, by Shaw, p. 344- 


* But 
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But we have no Occaſion to have Recourſe 
to ſo many Suppoſitions : if the Particles of the 
Solid attract thoſe of the Fluid with a greater 
Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 
is ſufficient; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever the 
other Circumſtances relating to the Figure or 
Magnitude of Pores, &c. may be . | 
e When 


This may be thought an impoſſible Suppoſition, for the 
Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a greater Quantity of 
Surface between every two Particles, one of which is a Particle 
of the Solid, and the other a Particle of the Fluid, than there 
is between every two Particles, which are either both of the 
Solid, or both of the Fluid; and therefore the Particles of the 
Solid cannot attract thoſe of the Fluid with greater Force than 
either thoſe of the Solid or thoſe of the Fluid attract one another. 
But it is to be conſidered, that we are not ſo well acquainted with 
the Nature of the Attraction of Coheſion, as to determine exact iy 

in what Manner, and by what Laws it acts. The Experiments 
made Uſe of for this Purpoſe, only ſhew that ſo long as we try 
them with the ſame Kind of Bodies, the Attraction is larger 
where the Contact is ſo. See Part I. Chap. III. But we have 
no Method of determining, whether the Difference of Attrac- 
tion, which various Bodies exert upon one another, ariſes ſolely 
from a Difference in their Surfaces, or not. | 
+ Dem. Thus, let f, /, f, &c. (Fig. 39.) repreſent a Series of 
the Particles of a Fluid, and g, s, s, Cc. a.Series of thoſe of a 
ſolid Body, contiguous to one another: and let the pricked 
Lines ff, F, &c. repreſent the Forces of Attraction between 
the Fluid Particles one among another, and ss, , &c. 
thoſe of the ſolid ones among themſelves ; and let the black 
Lines , , &c. expreſs thoſe which are between the fluid 
and ſolid Particles. Now, the latter Forces being by the Sup- 
poſition ſtronger thrn the former, the fluid Particles will _ 
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When a Solid is put into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid, being at- 
tracted with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their Reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and for the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which means, the Diſtances 
repreſented by the pricked Lines becoming greater, the Attrac- 
tions, which they expreſs, will be diminiſhed; ſo that the fluid 
Particles will enter quite in between the ſolid ones, and the ſolid 
ones between the fluid ones; and both of them together will 
conſtitute ſuch a Series, as is repreſented in Figure 40, in the 
middle Row 5, /, , f, Cc. where the ſolid and fluid Particles 
lie mixed interchangeably one with another in a right Line. 
Now let it be ſuppoſed, that this Series is contiguous to one 
which conſiſts wholly of Fluid above it, as is expreſſed in the 
Figure, and to another below, conſiſting of ſolid Particles only. 
Every ſolid Particle in this Series will be attracted upwards with 
greater Force, than it is downwards; and every fluid one with 
greater Force downwards than it is upwards, as appears by bare 
Inſpection of the Figure, where the black Lines, as in the 
former, expreſs the ſtronger Attractions, and the pricked one; 
the weaker. And, if we ſuppoſe the Number of Particles in 
the Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
will not ſtop, till they have quite paſſed through the Solid; 
for they will always find a Series wholly. conſiſting of ſolid Par- 
ticles before them, whilſt that which they leave behind, will 
be a Mixture of both. In like manner, the ſolid ones will paſs 
quite through the fluid ones; for they will always meet with 
more fluid ones before them, than they leave behind within the 


Sphere of their own Attraction. 
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Quantities be very unequal, till they are dif- 
fuſed uniformly one among another, as we 
may very eaſily conceive ; for till then, there 
will akways be ſome Particles attracted with a 
greater Degree of Force one Way than they 
are! another, - © 

And if more of the Solid be added to this 
Fluid, the Particles of the Fluid will alſo en- 
ter into that Solid, till each is furrounded on 
all Sides with ſolid Particles, as far as its at- 
tractive Force reaches, After which the Fluid 
will (as they ſay) be ſaturated, and will diſ- 
ſolve no more. 

Again, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe 
themſelves farther into the Fluid, till each of 


them is encompaſſed with Particles of the 


Fluid, as far as its attractive Force extends; 


and then they will ſpread themſelves no farther, 


But in either Caſe, if another Solid, or 
Fluid, the attractive Force of whoſe Particles 
differ from thoſe of the former, be added, a 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of the 


former Mixture, and of thoſe which are now 


added, have ſuch a Relation to each other, as 
is neceſſary to produce it. 

Upon this Principle it ſhould ſeem, that a 
F luid thould always be capable of diffolving 
more than an equal Quantity of a Solid; and 
that a Solid ſhould be capable of entering in 

and 
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and diffuſing itſelf through more than an 
equal Quantity of Fluid. The Reaſon why it is 
frequently not ſo, is becauſe it commonly hap- 
pens, that the Fluid and the Solid are not of 
equal ſpecific Gravities, When the Solid is 
heavieſt, ſo many of its Particles will not aſ- 
cend and enter into the Fluid, as would other- 
wiſe have done; and on the contrary, when the 
Fluid is heavieſt, the Weight of its Particles 
will be an Impediment to their riſing into, and 
diſſolving ſo much of the Solid as it otherwiſe 
might have done. | | 

We have no Occaſion to diſtinguiſh Fermen- 
tation into two Kinds, with regard to its Cauſes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the one attract thoſe 
of the other, with greater Force than either 
thoſe of the one, or thoſe of the other attract 
themſelves, a Fermentation will equally enſue, 
the Cauſe being the ſame in both Caſes. 

When two Fluids, or a Solid and a Fluid, 
ferment with each other, if the Agitation and 
inteſtine Motion of their Particles be very 
great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as was ſaid of the 
ſeveral Compoſitions mentioned in the fore- 
going Diſſertations, | ; 4 2 

| $ 
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See the Authors, who have explained and 
defended the old Solution, referred to by Mr. 
Fohnſon in his Queſtiones Philoſoph. Cap. III. 
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Op TICSũ. 


- CHAT L 
Of the Nature and Propagation of Light. 


N treating of the Nature of Fluids, I have 
explained ſuch Phenomens as reſult from 


ther, and acted upon according to the 
Laws of Mechaniſm; the Order of my Deſign 
now brings me to ſhew how according to the 
{ame Laws ſuch Phenomena, as reſult from 


the Emiſſion of infinitely ſmall Particles from 


luminous Bodies, are produced; which Phe 
nomena, being the Means, whereby the Images 
of external Obje&s are repreſented to our 


Minds, by the W 2 of our Organs of 


Sight, 


— — — am 


ſmall Particles of Matter collected toge- 
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4 Of the Mature and Part III. 
Sight, are for that Reaſon called Optical, and 


the Science of Optics &. | 
Every viſible Body emits or reflects incon- 


ccivably ſmall Particles of Matter from each 


the Doctrine, by which they are explained, 


Point of its Surface, which iſſue from it con- 
tinually, (not unlike Sparks from a Coal) in 
ſtrait Lines and in all Directions. Theſe Par- 


ticles entring the Eye, and ſtriking upon the 
Retina (a Nerve expanded on the back Part 


of the Eye to reccive their Impulſes) excite in 


our Minds the Idea of Light. And as they 
differ in Subſtance, Denſity, Velocity, or 
Magnitude , they produce in us the Ideas of 
different Colours; as will be explained in its 
proper Place. 7 
That 


* Optics is generally divided into two Parts, wiz. Dioptrics, un- 


der which is comprehended every Thing that relates to the Ap- 


pearances of Bodies ſeen through tanſparent Subſtances : and Ca- 
toptrics, or what relates to the ſeeing of Bodies by reflected Light. 
To theſe we may add a third, which properly comes under nei- 
ther of the former DiflinRions, and that is, tbe Doctrine of Co- 
lours, which explains every Thing that relates to the Cauſes of 
the Diverſity of Colours obſervable in natural Bodies. 


+ 'Tis more probable, that they differ either in Magnitude, 


or Denſity, than in Velocity or Subſtance. For, if the Differ- 
ence of Colours ariſe from the different Velocity of the Rays of 


Light, then the Colours of Objects would appear changed to an 
Eye placed underWater, or within any Medium differing from the 
Air in Denfity : For when a Ray of Light paſſes out of a Medi- 
um into another of different Denſity, it undergoes an Alteration 
in its Velocity, as will be explained hereafter. And to ſuppoſe 
them to differ in Subſtance, is contrary to that Uniformity of 
Things, which is cbſervable in the Univerſe ; as well as repug- 
* v fy p D 3 nant 


WL 


* 


Chap. I. Propagation of Light. 5 

That the Particles, which conſtitute Light, 
are exceedingly ſmall, appears from hence, 
012. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 


pable of paſſing through it at once without the 


leaft Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be no 
Obſtacle in the Way to obſtruct the Progreſs 


of its Rays, it will fill all the Space within 


two Miles of it every Way with luminous 


Particles, before it has loſt the leaſt ſenſible 


Part of its Subſtance thereby. _ | 

That theſe Particles proceed from every 
Point of the Surface of a viſible Body, and in 
all Directions, is clear from hence, vig. be- 


nant to that Homogeneity in the primogeneal Parts of Matter, which 
from the Experiments hitherto made, is thought to exiſt every 
where. Whereas, if we ſuppoſe them to differ either in Magnitude 
or Denſity, nothing is more eaſy than to ſee how thoſe of the ſame 
Kind ſhould, however refracted, produce the ſame Colours; and 
alſo how thoſe which produce different Colours, ſhould ſuffer dif- 
ferent Degrees of Refraction in paſſing through the ſame Medium. 
As to the firſt, it is ſelf evident, becauſe Refraction cannot alter 
their Magnitudes or Denſities ; as to the ſecond, it is probable, that 
the more intenſe and ſtronger Colours, the Rays of which ſuffer 
the leaſt Refraction, are produced by the larger, or more denſe 
Particles of Light: For, that ſuch Particles ſhould be leſs refracted 
than others, is quite conſonant to the Laws of Attraction of Co- 
heſion, which, as it acts in Proportion to the Surfaces of Bodies 
only, muſt neceſſarily affect the larger, or the more denſe Parti- 
cles, leſs than it does the reſt; becauſe ſuch have larger Momenta 
or Forces in Proportion to their Surfaces, than others have. 
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6 p Of the Mature and Part III. 


canſe where-ever a Spectator is placed with 


Regard to the Body, every Point of that Part 


of the Surface which is turned towards him, 


is viſible to him. That they proceed from the 
Body in right Lines, we are aſſured, becauſe 
juſt ſo many and no more will be intercepted 


in their Paſſage to any Place, by an interpoſed 


Object, as that Object ought to intercept, ſup- 
l to come in ſuch Lines. 

The Velocity, with which they proceed 
from the Surface of the viſible Body is no leſs 
ſurprizing, than their Minuteneſs: The Me- 


thod whereby Philoſophers eſtimate their Swift- 


neſs, is by Obſervations made on the Eclipſes of 
Jupiter's Satellites, which Eclipſes to us ap- 
ar about ſeven Minutes ſooner than the 
ought to do by Calculation, when the Barth 
is placed between the Sun and him; that is, 


when we are neareſt him, and as much later, 


when the Sun is between him and us, at which 
Time we are fartheſt from him ; from whence 


It is concluded, that they require about ſeven 


Minutes to paſs over a Space equal to the Diſ- 
tance between the Sun and us, which is about 
eighty one Millions of Miles F. 


This affords us another Proof of the ſurprizing Fineneſs of the 
Particles of Light; for the above-mentioned Velocity of the Rays 
is conſiderably more thar a Million of Times greater than that of 
a Canon Ball. Were they not therefore inconceivably ſmall, the 
Eye would be rather wounded, than delighted with them; _ 
vs gs: OW ONT. Ow 227 8 


Chap. I. Propagation of Light. 7 
A Stream of theſe Particles iſſuing from the 
Surface of a viſible Body in one and the fame 
Direction, is called a Ray of Light. 
As Rays proceed from a viſible Body in all 
Directions, they neceſſarily become thinner 
and thinner, continually ſpreading themſel ves, 
as they paſs along, into a larger Space, and 
that in Proportion to the Squares of their Diſ- 
tances from the Body *; that is, at the Diſ- 
tance of two Spaces, they are four Times thin- 
ner, than they are at one; at the Diftance of 
three Spaces, nine Times thinner, and ſo on: 
the Reaſon of which is, becauſe they ſpread 
themſelves in a twofold Manner, vi. upwards 
and downwards, as well as Side-Ways. 


the tender Flowers of Plants would be ſo far from being cheriſhed 
by them, that they would be torn in Pieces, and not able to ſtand 
before them. I 


This Propoſition is demonſtrated mathematically thus z Let us 


conceive two concentric Surfaces ABD, and EFG (Hg. 1.) and in 
theſe, two ſimilar Portions ELFI, and AHBK ; let the Rays CE 
and CF, with the reſt proceeding from the Center C, fall upon 
the Portion ELFI and cover it; tis evident from Inſpection of the 
Figure, that the fame Rays at the Diſtance CH will cover the Por- 
tion AHBK only; now theſe Rays being the ſame in. Number at 
each Place, will be thinner in the former, than they are in the lat- 
ter, in Proportion as that is larger than this ; but theſe Spaces be- 
ing ſimilar Portions of the Surfaces of Spheres, bear the ſame Pro- 
portion to each other, that the Surfaces' themſelves do, that 1s, 
they are to each other as the Squares of their Radii CL, CH; 
the Rays therefore are more diffuſed, or thinner in Proportion to 
the Squares of the ſame Radii, or of their Diſtances from the lu- 
minous Point C. Q. E. 9. | 
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W+ Of the Nature &c. Part, III. 


The Particles of Light are ſubject to the 
Laws of Attraction of Coheſion like other 
ſmall Bodies, for if a Ray of Light be made 
to paſs by the Edge of a Knife, it will be di- 
verted from its natural Courſe, and be inflec- 
ted towards the Edge of the Knife. The like 


Inflection happens to a Ray when it enters ob- 
liquely into a denſer or rarer Subſtance than 


that in which it was before, in which Caſe it 


is ſaid to be refracted; the Laws of which 
Refraction are the Subject of the following 


Chapter *. 


The Carteſian Notion of Light, was not, that it is propaga- 
ted from luminous Bodies by the Emiſſion of ſmall Particles, but 
that it was communicated to the Organ of Sight by their Preſſure 
upon the Materia ſubtilis, with which they ſuppoſed the Univerſe 
to be full. But according to this Hypotheſis, it could never be 
dark; becauſe when a Fluid ſuſtains any Preſſure, if that Fluid 
fills all the Space it takes up, abſolutely, without leaving any 
Pores, which is the Caſe of the ſuppoſed Materia ſubtilis; then 
that Preſſure muſt neceſſarily be communicated equally and inſſan- 
taneouſly to every Part: And therefore, whether the Sun were 
above or below the Horizon, the Preſſure communicated, and 
conſequently the Light, would be the ſame. And farther, as the 
Preſſure would be inſtantaneous, ſo would the Light, which is 
contrary to what is collected, as we obſerved above, from the 


Eclipſes of Tupiter's Satellites. 


CHAP. 


17 


Chap. II. The Cauſe of Refraction, &. 


GH AP. IL 


Of the Cauſe of Refraction, and the 


Law by which it is performed. 5 | 


Hatever Subſtance a Ray of Light 2 
ſes through, or if it paſs throught a 


Space void of all Subſtance, it is ſaid by Phi- 


loſophers to paſs through a Medium; and 
therefore if it paſſes out of any Subſtance, . as 


Air or Glaſs, intoa Vacuum, or the contrary, it 


is aid to paſs out of one Medium into another. 
All Bodies being endued with an attractive 
Force, which is extended to ſome Diſtance 
beyond their Surfaces; when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe*, and 
what we ſhall hereafter always ſuppoſe, unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance, will begin to be attracted 
towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and by; and therefore if a Ray 
approaches a denſer Medium in a Direction 


perpendicular to its Surface, its Velocity will 


*In oily and inflammable Bodies it happens otherwiſe ; for they 
are obſer ved to attract more ſtrongly than others of greater 98. 
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10 TheCauſeof Refraction, &c. Part III. 
be continually accelerated during its Paſſage 
through the Space in which that Attraction 
exerts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at 
the oppoſite Side of the Medium, with a great- 
er Degree of Velocity than it had before it en- 
tered. So that in this Caſe its Velocity only 
will be altered. Whereas, if a Ray enters a 
denſer Medium obliquely, it will not only 
have its Velocity augmented thereby, but its 
Direction will become leſs oblique to the Sur- 
face. Juſt as when a Stone is thrown down- 
wards obliquely from a Precipice, it falls to 
the Surface of the Ground in a Direction near- 
er to a perpendicular one, than that with 
which it was thrown from the Hand. From 
hence we ſay a Ray of Light in paſſing out of 
a rarer into a denſer Medium, is refracted to- 
wards the Perpendicular ; that is, ſuppoſing 
a Line drawn perpendicularly to the Surface 
of the Medium, through the Point where the 
Ray enters, and extended both Ways, the 
Ray in paſling through the Surface is refracted 
or bent towards the perpendicular Line; or, 
which is the ſame Thing, the Line which it de- 
ſcribes by its Motion after it has paſſed through 
the Surface, makes a leis Angle with the Per- 
pendicular, than the Line jt deſcribed before. 
All which may be illuſtrated in the following 


Manner. 


Let 


Chap. 2. TheCauſeof Refraction, Se. 11 
Let us ſuppoſe firſt, that the Ray paſſes 
out of a Vacuum into the denſer Medium A 
BCD, (Fig. 2.) and that the attractive Force 
of each Particle in the Medium is extended 
from its reſpective Center to a Diſtance equal 
to that which is between the Lines AB and 
EF, or AB and GH; and let KL be the Path 
deſcribed by a Ray of Light in its Progreſs 
towards the denſer Medium. This Ray when 
it arrives at L will enter the attractive Forces 
of thoſe Particles which lie in AB the Surface 
of the denſer Medium, and will therefore ceaſe 
to proceed any longer in the right Line KLM, 
but will be diverted from its Courſe by being 
attracted towards the Line AB, and will be- 
gin to deſcribe the Curve LN, paſſing through 
the Surface AB in ſome new Direction as OQ, 
thereby making a leſs Angle with a Line as 
PR drawn perpendicularly through the Point 
N, than it would have done, had it proceeded 
in its firſt Direction KLM. 1 
Farther, whereas we have ſuppoſed the 
attractive Force of each Particle to be ex- 
tended through a Space equal to the Diſtance 
between AB and EF, it is evident, the Ray 
after it has entered the Surface, will ſtill be 
attracted downwards, till it has arrived at 
the Line EF; for till that Time, there will 
not be ſo many Particles aboye it which will 
attract it upwards, as below, that will at- 
tract it downwards. So that after it has en- 
. B teered 


1 2 The Cauſeof Refraction, &c. PartlII. 
tered the Surface at N, in the Direction OQ, 
it will not proceed in that Direction, but will 
continue to deſcribe a Curve, as NS, after 
which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 
equally every Way; and therefore will at laſt 
proceed in the Direction XST ſtill nearer the 
Perpendicular PR than before. 

Now if we ſuppoſe the Space ABZ not to 
be a Vacuum, but a rarer Medium than the 
other, the Caſe will ftill be the ſame; but 
the Ray will not be ſo much refracted from its 
reQilineal-Courle, becauſe the Attraction of the 
Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 

On the contrary, when a Ray paſſes out 
of a denſer into a rarer Medium, if its Direc- 
tion be perpendicular to the Surface of the 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Space of At- 
traction of that Medium (that is, the Space 
| wherein it is attracted more one Way than « 
is another). If its Direction be oblique, i 
will continually recede from the | 0b Fa 
lar during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Earth 
increaſes its Obliquity all the time it riſes. 
Thus, — the Ray TS paſſing out of the 

denſer 


Chap. 2. De Cauſe of Refraction, &c. 13 
denſer Medium ABCD into the rarer ABVZ, 
when it arrives at S it will begin to be attract- 
ed downwards, and ſo will deſcribe the Curve 
SNL, and then proceed in the right Line LK, 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 

The Space through which the Attraction of 
Coheſion of the Particles of Matter is extend- 
ed is ſo very ſmall, that in conſidering the 
Progreſs of a Ray of Light out of one Medi- 
um into another, the Curvature it deſcribes 
in paſſing through the Space of Attraction is 
generally neglected; and its Path is ſuppoſed 
to be bent, or in the uſual Terms, the Ray is 
ſuppoſed to be refracted only in the Point 
where it enters the denſer Medium. 

Now the. Line, which a Ray deſcribes be- 
fore it enters a denſer or a rarer Medium is 
called the Incident Ray; that which it de- 
| ſcribes after it has entered, is the Nefracted 
Ray. A ” . 

The Angle comprehended between the In- 
cident Ray and the Perpendicular, is the An- 
gle of Incidence; and that between the refract- 

ed Ray and the Perpendicular, is the Angle of 
Refraction. 5 

There is a certain and immutable Law or 
Rule, by which Refraction is always perform- 
ed; and that is this; Whatever Inclination a. 


Ray of Light has to the Surface of any Medi- 
B 2 um 
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from H towards M, it will therefore deſcribe a Portion of a Parabola 


14 TheCau ;ſeof Refraction, Sec. Part II. 


um before it enters it, the Degree of Refraci- 
on will always be ſuch, that the Proportion 
between the Sine of the Angle of its Incidence, 
and that of the Angle of its Refraction, will 
always be the ſame in that Medium“. by 

: 0 


* Lemma. If from a Point as M (Fig. 4.) taken any where 
without the Circle PNQ, a Line as MP be drawn paſſing through 
L the Center of the Circle, and terminated in the Circumference 
at P, the Product of MQ multiplied by MP is equal to the Diffe- 
rence between the Squares of ML and PL. e 

Demonſtration of the Lemma. Call MQ, a ; and the Radius of 
the Circle LQ or LP, 5; then will the Diameter Q be expreſ- 
{ible by 25, and the whole Line MP, by of roy then multiply- 
ing MQ by MP, that is, a by a-4-2b, we have for the Product 
of this, ' aa4+2ab. Now the Square of the Line ML, which is 
expreſſible by a- Eb, is aa42abbb, and the Square of PL is bb; 
but the Difference between theſe Squares, wiz. aa4-22b4-bb and 


bo is evidently aa-j-2ab; and therefore the Produtt of MQ mul- 


tiplyed by MP is equal to the Difference between the Squares of 
ML and PL. ©.E.D.. | L 
Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is evident that 
its Motion will be ſubject to the like Laws with that of Prejectiles, 
provided we ſuppoſe it to be ated upon with an equal Degree of 
orce during its whole Paſſage through that Space, as is the Caſe 


| of Projectiles to whatever Height they are thrown from the Earth. 


We will therefore put a Caſe as nearly parellel as may be to that 
which was demonſtrated of Projectiles in the ſeventh Chapter of the 
firſt Part; and. ſuppoſe firſt, that the Force of Attraction of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, and 
that the Ray proceeds out of a denſer into a rarer Medium; in 
which Caſe it will be attracted back towards the denſer Medium, 
during its Paſſage through the Space of Attraction, in like Man- 
ner as a Projeile thrown upwards is while it riſes from the Earth. 
Let then ABCD (Fig. 4.) repreſent the denſer Medium, and AB 


Ef the Space of Attraction; and let GH be a Ray about to enter 


the Force of Attraction at H, and let GH be produced to M. Now 
*tis evident, that in this Suppoſition, the Ray when at H, is in the 
ſame Circumſtances wita a Prejectile about to be thrown upwards 


- 
> 


Chap. 2. TheCauſeef Refraction, Sc. 1 5 


To illuſtrate this, Let us ſuppoſe ABCD 

(Fi. 3.) to repreſent a rarer, and ABEF a 

denſer Medium; let &H be a Ray of —.— 
185 paſſic 


us HI; to which the Line HM will be a Tangent at Hz and 


the Line IK, in which it would proceed after it has paſſed 
the Space of Attraction, a Tangent to it at I, for after having 
left attractive Force at I, it goes ſtrait on in its laſt Direc- 
tion. Let the Perpendicular IR be drawn meeting GH produced 
in M, and let KI be produced to L. On the Center L with the 


Radius LI, deſcribe the Circle PNQ, let fall the Perpendicular 


LO upon MR, and join the Points L and N. Now it is demon- 
ſtrated in the Caſe of Projectiles, that the Parameter of the Point 


HF is equal tone” and therefore the Parameter multiplied 


by MI is equal to HM. And it is there farther demonſtrated, 
that the ſaid Parameter is equal to four times the Height 
which a Body muſt fall from, to acquire the Velocity the Proj 

has at H; this Parameter therefore is a Quantity not at all de- 
pending on the Direction of the Projectile, but on its Velocity only: 
and conſequently in the preſent Suppoſition it is a given Quantity, 
the Ray GH being ſuppoſed to have the ſame Velocity, whatever 
is its Inclination to the Surface AB. Now the Tangent KI being 
produced to L, will by the Property of the Parabola, biſect the 
other Tangent HM, wherefore the Line LO being parallel to HR, 
MR will alſo be biſected in O; and adding the equal Lines OI 
and ON to each Part, MN will be equal to IR ; but the Line IR 
is alſo a Line independent of the Inclination of the Ray GH, its 
Length being determined by the Breadth of the Space of Attraction 
ABEF only, and therefore MN is a given Quantity. Now, 
whereas MI, when multiplied by the Parameter of the Point H, 
which before was ſhewn to be a given Line, is equal to the Square 
of HM, therefore the ſame Line MI when multiplied by any other 
given Line (viz. MN) if it is not equal to, will nevertheleſs bear 


a given Proportion to the Square of HM : But fince MI multiplied 


by MN bears a given Proportion vx. a Proportion that does not 
depend on the Inclination of the Ray GH) to the Square of MH, 
its equal, viz. the Product of MQ mujtiplied by MP (37. El. 3.) 
or what is equal to this, the Di ce between the Squares of 
ML and PL (by the foregoing Lemma) or, which is the ſame 

Thing, of ML and LI, (becauſe PL and LI are Rad#; of ＋ ſame 
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16 TheCauſeof Refraction, Sc. Part III. 
paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn through 

. the Point H, on the Center H, and with any 


Circle) does ſo too. Now the Square of ML bears alſo a given 
Proportion to the Square of MH (ML being equal to half MH) 
conſequently there is a given Proportion between the Square of M 
L and the Difference of the Squares of ML and LI ; and therefore 
there is a certain Proportion between the Lines themſelves, wiz. 
between ML and LI. But in every Triangle the Sides are propor- 
tionable to the Sines of their oppoſite Angles, therefore in the Tri- 

angle MLI, the Sine of the Angle LMI has a given Proportion to 
the Sine of the Angle LIM, or of its Complement to two right 
ones MIK (for they have the ſame Sine) : But LMI being an An- 
gle made by the incident Ray GH produced, with the Perpendi- 
_ cular RM, is the Angle of Incidence, and MIK being made by 
the refracted Ray IK, and the ſame Perpendicular, is the Angle 
of Refraction, therefore in this Cale there is a conſtant Ratio be- 
tween the Sine of the Angle of Incidence, and that of the Angle 
of Refraction. Q, E. D. | 
We have in the foregoing Demonſtration ſuppoſed that the 
Force of Attraction is every where uniform, but if it be otherwiſe, 
provided it be the ſame every where at the ſame Diſtances from 
the Surface AB, the Proportion between the forementioned Sines 
will ſtill be a given one. For, let us imagine the Space of At- 
traction divided into parallel Planes, and the Attraction to be the 
fame through the whole Breadthof each Plane though different in 
different Planes, the Sine of the Angle of Incidence out of each 
will, by what has been demonſtrated above, be to the Sine of 
the Angle of Refraction into the next in a given Ratio; and 
therefore, ſince the Sine of the Angle of Refraction out of one 
will be the Sine of the Angle of Incidence into the next, it is 
evident that the Sine of the Angle of Incidence into the firſt will 
be in a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us {uppoſe the Thickneſs of theſe Planes di- 
miniſhed in infinitum, and their Number proportionably increaſed, 
the Law of Refraction will ſtill continue the ſame; and therefore 
whether the Attraction be uniform or not, there will be a con- 
ſtant Ratio between the Sine of the Angle of Incidence and of 


Refraction. 2. E. D. 


Radius 


Radius deſcribe the Circle APBR, and from 
G and J where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and IL 
perpendicularly upon the Line PR, the former 
of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 
this Caſe, the Ray GH is ſo refracted at H, 
that GK is double or treble, c. of IL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
would have been double, or treble, Sc. to 
that of its Angle of Refraction. For Inſtance, 
had the Ray paſſed in the Line MH before 


RefraQtion, it would have paſſed in ſome Line, 


as HN afterwards, ſo ſituated that MO ſhould 
have been double or treble, Sc. of NQ. 

When a Ray paſſes out of a Vacuum into 
Air, the Sine of the Angle of Incidence is found 
to be to that of Nen, as 100036 to 
100000, 


When it paſſes out 10 Air into W ater, as 


about 4 to 3. 

When out of Air into Glaſs, as about 17 
[16 37 & # | 
When out of Air into a Diamond, as about 


5 to 2. 


CHAP. 
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18 The Refraionef Light, Ec. PartlII. 


CHAP. III. 


of the Re fraction of Light in 1 ing 
thro plain and ſpherical Surfaces. 

S Rays of Light are capable of having 
A their Progreſs altered by Refraction or 
Reflection, it is poſſible they may have vari- 
ous Inclinations and Directions different from 
thoſe which they naturally acquire by proceed- 
ing from the Surfaces of viſible Bodies. 

When they recede from each other as they 
paſs along, they are faid to diverge ; and the 
Point they proceed from, is called the Radi- 
ant Point. 

When they proceed towards any Point ap- 
proaching nearer together in their Progreſs, 
they are then ſaid to converge; and the Point 
towards which they tend, is called the Focus. 

This Focus may be cither real or Imagina- 
ry; it is ſaid to be real, when the Rays actu- 
ally proceed to it; but if they are intercepted 
in their Progreſs, or turned another Way be- 
fore they reach it, it is called their mage. 
ry Focus. 

Sometimes it happens, that Rays are ſo re- 
fracted or reflected, that they proceed aſter- 
wards, as from ſome Point, which is not their 
true Radiant, then alfo that Point is called 
their 7 — Focus. 


When 


— 


When they proceed in parallel Lines, they 
are then called parallel Rays; and both their 
Focus and radiant Point is ſuppoſed to be at 
an infinite Diſtance. 2 

When Rays paſs out of one Medium into 
another, they ſuffer various Alterations in 


their Motion. All which are expreſſed in the 


eighteen following Propoſitions, 


I. When parallel Rays fall obliquely on a 
plain Surface of a Medium of different Denſi- 
ty, they are parallel alſo after Refraction. 
For having all the ſame Inclination to the 
Surface, they ſuffer an equal Degree of Re- 
fa 

II. When diverging Rays paſs out of a ra- 
rer into a denſer Medium through a plain Sur- 
face, they are made thereby to diyerge leſs, 

For being all refracted towards their re- 
ſpective Perpendiculars, (which Perpendicu- 

lars are parallel to one another) they are brought 
nearer to a Paralleliſm themſelves; that is, they 
are made to diverge leſs than before. 

See this and the following Caſes 1 
more determinately, and demonſtrated in the 
Note below®. 

III. When 


* IT. When Rays paſs out of one Medium into another of dif. 
ferent Denſity through a plain Surface; if they diverge, the focal 
Diſtance will be to that of the radiant Point; if they converge, it 


will be to that of the imaginary 8 of the incident Rays, as 
| the 
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20 The Refra&imof Light, &c. Part Il. 


III. When they proceed out of a denſer in- 
to a rarer Medium, the contrary happens; 
for then being refracted from their reſpective 
Perpendiculars, they are made to diyerge 
more. | 


IV. 80 


the Sine of the Angle of Incidence is to that of the Angle of 
Refraction. | 
This Propoſition admits of four Caſes. 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium. 

Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer Me- 
dium, ſeparated from each other by the plain Surface AB ; ſuppoſe 
CE andCD to be two diverging Rays proceeding from the Point C, 
the one perpendicular to the Surface, the other oblique ; through 
E draw the Perpendicular PK. The Ray CD being perpendicular 
to the Surface will proceed on in the right Line CQ, but the other 
falling obliquely on it at E, and there entring a denſer Medium, 
will ſuffer a Refracton towards the Perpendicular EK. Let then 
EG be the refracted Ray, and produce it back till it interſects 
DC produced alſo, in F; this will be the focal Point. On 
the Center E and with the Radius EF, deſcribe the Circle 
AFBQ, and produce EC to H; draw HI the Sine of the 
Angle of Incidence and GK that of Refraction; equal to this 
is FP or CM which let be drawn. Now if we ſuppoſe the Points 
D and E contiguous, or nearly ſo, then will the Line HE be al- 
moſt coincident with FD, and therefore FD will be to CD as HE 
to CE; but HE is to CE as HI to CM, becauſe the Triangles 
HIE and CME are fimilar ; that is, the focal Diſtance of the Ray 
CE is to the Diſtance of the Radiant Point, as the Sine of the 


Angle of Incidence is to that of the Angle of Refraction. 


2. D. | | 

Obſ. 1. Whereas the Ratio of TE to ME, or which is the ſame 
Thing, that of n D to CD bears the exact Proportion of HI to CM, 
and becauſe this, (being the Ratio of the Sine of the Angle of 
Incidence to that of the Angle of Refraction) is always the ſame, 
the Line In is in all Inclinations of the Ray CE, at the ſame 
Diſtance from CM; conſequently had CE been coincident withCD, 
the Point H had fallen uponn; and becauſe the Circle paſſes 
tqrough beth H and F, F avould alſo haue fallen upon n: wm 

| Ef os THC 


Li 
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IV. So when converging Rays paſs out of 


a rarer into a denſer Medium, through a plain 


Surface, they are made thereby to conyerge 


leſs. 
For 


 ewhich Account the Focus of the Ray CE would have been there. 
But the Ray CE being oblique to the Surface DB, the Point H js 
at ſome Diſtance from n; and therefore the Point F is neceſſarily jo 
too, and the more ſo by how much the greater that Diſtance is: 
rom whence it is clear, that no two Rays flowing from the ra- 
diant Point C and falling with different Obliquities on the Surface 
BD, will after Ræfraction there, proceed as from the ſame Point; 
therefore ſtrictly ſpeaking, there is no one Point in the Line D pro- 
duced, that can more properly be called the Focus of Rays flowing 
from C, than another: for thoſe which enter the refracting Sur- 
face near D, will after Refraction proceed, as has been obſerved, 
from the Parts about n; thoſe which enter near E, will flow as 
from the Parts about F; thoſe which enter about T, as from 
ſome Points in the Line DF produced, &c. And it is farther to be 
obſerved, that when the Angle DCE becomes large, the Line nF 
increaſes apace ; wherefore thoſe Rays which fall near T, proceed 
after Refration, as from a more diffuſed Space, than thoſe which 
fall at the ſame Diſtance from each other near the Point D. Up- 
on which Account it is uſual with Optical Writers to ſuppoſe the 
| Diſtance between the Points where the Rays enter the plain Surface 
of a refrating Medium, 10 be inconfiderable with Regard to the 
Diflance of the radiant Point, if they diverge ; or to that of their 
imaginary Focus, if they converge: and unleſs there be ſome par- 
 ticulur Reaſon to the contrary, they conſider them, as entring the 


refracting Medium in a Direction as nearly perpendicular to its 


Surfaces as may be. 
Caſe 2. of 
rarer Medium. | A 

Dem. Let X be the denſer, Z the rarer Mediam, FD and FE 
two diverging Rays proceeding from the Point F; and ſuppoſing 
the Perpendicular PK drawn as before, FP will be the Sine of 
the Angle of Incidence of the oblique Ray FE, which in this Caſe 
being refracted from the Perpendicular, will paſs on in ſome Ling 
as ER, which being produced back to the Circumference of the 


Cirgle will Cut the Ray FD ſomewhere, ſuppoſe in C, this there- 
6 _- fore 
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For being all refracted towards their re- 


ſpective Perpendiculars, they themſel ves are 


brought nearer to a Paralleliſm, and ſo con- 
verge leſs. 
V. On 


fore will be the imaginary Focus of the refracted Ray ER ; draw 
RS the Sine of the Angle of Refraction, to which HI will be 
equal : but here alſo FP or its equal CM, is to HI, as EC to EH, 
or (if the Point D and E be conſidered as contiguous) as DC to 
DF ; that is, the Sine of the Angle of Incidence is to the Sine of 
the Angle of Refraction, as the focal Diſtance to that of the radi- 
ant Point. 2. E. D. Ab 

Caſe z. Of converging Rays paſſing out of a denſer Medium in- 
to a rarer, 


Dem. Let Z be the denſer, X the rarer Medium, and GE the 


| Incident Ray, this will be refracted from the Perpendicular into a 


Line as EH; then all Things remaining as before, GK, or its 
equal FP, or CM will be the Sine of the Angle of Incidence, 
and HI that of Refraction: but theſe Lines, as before, are to each 
other, as DC to DF ; that is, the focal Diſtance is to the Diſtance 
of the imaginary Focus, as the Sine of the Angle of Incidence to 
that of the Angle of Refraction. Q, E. D. 

Cafe 4. Of converging Rays paſſing out of a rarer into a den- 


ſer Medium. 


Dem. Let Z be the rarer, X the denſer Medium, and RE the 


| Incident Ray; this will be refracted towards the Perpendicular 


into a Line, as EF; C will be the imaginary Focus, and F the 
real one, HI which is equal to RS, the Sine of the Angle of In- 


| . Cidence, and FP that of the Angle of Refraction: but theſe are 


to each other, as DF to DC; and therefore the focal Diſtance is 
to that of the imaginary Focus, as the Sine of the Angle of Inci- 
cence is to that of the Angle of Refraction. 2. E. D. 


II. When parallel Rays fall upon a ſpherical Surface of diffe- 
rent Denſity, the focal Diſtance will be to the Diſtance of the 
Center of Convexity, as the Sine of the Angle of Incidence is 


to the Difference between that Sine and the Sine of the Angle of 


Refraction. | 
This Propoſition admits of four Caſes, 
” 8 Cafe 1. 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 
converge. more, "a 


* All 


Caſe 1. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a convex Surface. | | 

Dem. Let AB (Fig. 11.) repreſent a convex Surface, C its 
Center of Convexity ; HA and DB two parallel Rays, paſſing out 
of the rarer Medium X into the denſer Z, the one perpendicular 
to the refracting Surface, the other oblique : draw CB, this being 
a Radius, will be perpendicular to the Surface at the Point B; 
and the oblique Ray DB being in this Caſe refracted towards the 
Perpendicular, will proceed in ſome Line, as BF, meeting the 
other Ray in F, which will therefore be the Focal Point: produce 
CB to N, then will DBN, or its equal BCA be the Angle of In- 
cidence, and FBC that of Refraction. Now, whereas any Angle 
has the ſame Sine with its Complement to two right ones, t 
Angle FCB being the Complement of ACB, which is equal to the 
Angle of Incidence, may here be taken for that Angle; and 
therefore, as the Sides of a Triangle have the ſame Relation to 
each other, that the Sines of their oppoſite Angles haue, FB being 
oppoſite to this _— and FC being oppofete to the Angle of Refrac- 
tion, they may here be conſidered as the Sines of the Angles of 
Incidence and of Refraction; and for the ſame Reaſon CB may 
be conſidered as the Sine of the Angle CFB, which Angle being 
together wwith the Angle FBC, equal to the external one ACB 
(32. EI. 1.) is itſelf equal to the Difference between thoſe two laſt 
Angles; and therefore the Line FB is to CB as the Sine of the 
Angle of Incidence is to the Sine of an Angle which is equal to 
the Difference between the Angle of Incidence and of Refraction. 
Now, becauſe in very ſmall Angles as theſe are, for we ſuppoſe 
in this Caſe alſo the Diftance A Bto vaniſh, the Reaſon of which 
will be ſhewn by and by, their Sines bear nearly the ſame - 
tion to each other that they themſelves do, the Diſtance FB will 
be to CB as the Sine of the Angle of Incidence is to the Diffe- 
rence between that Sine and the Sine of the Angle of Refraction; 
but becauſe BA wanifhes, FB and FA are equal, and therefore FA 


is to CA in that Proportion. . Z. P. 


— — wet 


Lo as = — — — — 5 wy 8 
Ne — — — a = 5 —— I DT RC >  — 
os - — n -_ o — = 


— — ——— — 


nl 


þ 
14 
1 
- 
15 
j 
1 
„ 
1 
3 
' 


1 
bt 
0 
F 
8 
_n 
* 
ö 
F. 
1 


4 


Obſ. 2; 


—— „ = 55 — 


— FEST. 


— 
— 


\ 


24 The Refratiion of Light, &c. Part III. 
All which may be illuſtrated in the follow. 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 


two parallel Rays falling on the plain Surface 
. EF 


Obſ. 2. I appears from the foregoing Demonſtration, that the 
focal Diſtance of the Oblique Ray DB, is ſuch, that the Line BF 
Hall be to the Line CB or CA as the Sine of the Angle af Inci- 
dence to the Sine of an Angle, which Angle is equal to the Dife. 
nce between the Angle of Incidence and Refraction; therefore fo 
Jong as the Angles BCA, &c. are ſmall, fo long the Line BF is 
pretty muchof the ſame Length, becauſe ſmall Angles hawe nearly 
the ſame Relation to each other that their Sines have, But when 
the Point B is removed far from A, ſo that the Ray DB enters the 
Surface ſuppoſe about O, the Angles BCA, &c. becoming large, 
the Sine of the Angle of Incidence begins to bear a conſiderably 
leſs Proportion to the Sine of an Angle which is equal to the Dif. 
ference between the Angle of Incidence and Refraction than before, 
and therefore the Line BF begins to bear a much leſs Proportion to 
BC; wherefore its Length decreaſesapace: Upon which Account theſe 
Rays which enter the Surface about O, not only meet nearer the 
Center of Convexity than thoſe which enter at A, but are collected 
into à more diffuſed Space. From hence it is, that the Point 
where thoſe only which enter near A, are collected, is reckoned the 
true Focus; and the Diflance AB in all Demonſtrations relating 
to the Foci of parallel Rays entring à ſpherical Surface whether 
convex or concave, is ſuppoſed ta vaniſh, 
Caſe 2. Of parallel Rays paſling out of a denſer into a rarer 
Medium through a convex Surface. 1 | 
Dem. Let X be the denſer, Z the rarer Medium. AB the Sur- 
face by which they are ſeparated, C the Center of Convexity, and 
HA and DB two parallel Rays, as before. Through B the Point 
where the oblique Ray DB, enters the rarer Medium draw the Per- 
pendicalar CN; and let the Ray DB, being in this Caſe refracted 
from the Perpendicular, proceed in the Direction BM ; produce 
BM back to H ; this will be the imaginary Focus, and DBN, or 
its equal ACB will be the Angle of Incidence, and CBM, or its 
equal HBN (for they are vertical) that of Refraction; produce 
DB to Land draw BF ſuch, that the Angle LBF may be equal to 
DBH : then becauſe NBD and DBH tpgether are equal ta NBH 
the Angle of Refraction, therefore BCA which is equal to the firſt, 


and LBF which is equal to the ſecond, are together equal to or 
_ Angle 
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EF of a Medium of a different denſity: now 
becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendiculars GH, 
5 | EE 


Angle of Refraction; but LBF is equal to BFA (as being alter- 
nate to it) conſequently BFA and BCA together are equal to the 
Angle of Refraction; and therefore ſince one of them, wiz. BCA 
is equal to the Angle of Incidence, the other is the Difference be- 
tween that Angle, and the Angle of Refraction. Now FB the 
Sine of the Angle FCB, or which is the ſame Thing, of its Com- 
plement to two right ones BCA, the Angle of Incidence, is ta 
CB the Sine of the Angle BFC, as FB to CB, that is as HB to 
CB; for the Angles DBH and LBF being equal, the Lines BF 
and BH are ſo too; but the Diſtance BA vaniſhing, HB is to CB, 
as HA to CA: that is, the Sine of the Angle of Incidence is to 
the Sine of an Angle which is the Difference between the Angle 
of Incidence and Refraction, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refraction, as the Diſtance of the Focus from the Surfa 
is to that of the Center from the ſame. Q. E. D. EE 

Caſe 3. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface. | : 

Dem. Let X be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to the Perpendicu- 
lar, will alſo ſuffer the ſame Degree of Refraction, and will there- 
fore paſs on afterwards in the Line FB produced, v. g. towards P. 
So that, whereas in that Caſe the Point F was the real Focus of 
the incident Ray DB, the ſame Point will in this be the imagi- 
nary Focus of the incident Ray LB: But it was there demonſtra- 
ted, that the Diſtance FA is to CA, as the Sine of the Angle of 
Incidence is to the Difference between that and the Sine of the 
Angle of Refraction, therefore the focal Diſtance of the refrac- 
ted Ray BP is to the Diſtance of the Center of Convexity in that 
Proportion. 2. E. D. | 
| Caſe 4. Of Parallel Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface. 

Dem. Let X be the rarer Medium, having the concave Surface 
AB, and let LB and FA be the incident Rays, as before. Now 


whereas 
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IK, before Refraction, they will make equal 
Angles of Refraction with them afterwards, 
and fo proceed on in the parallel Lines BL 

FEM DM. 


whereas, when DB was the incident Ray paſſing out of a denſer 
into a rarer Medium, it was refracted into BM, as in Cafe the 
ſecond, having a Point as H in the Line MB produced for its 

imaginary Focus; therefore LB, for the like Reaſon as was given 
in the laſt Caſe, - will in this be refracted into BH, having the 
ſame Point H for its real Focus. So that here alſo the Focal Dif. 
tance will be to that of the Center of Convexity, as the Sine of 
the Angle of Incidence is to the Difference between that and the 


Sine of the Angle of Refraction. Q. E. D. | 


III. When diverging or converging Rays enter into a Medium 
of different Denſity through a ſpherical Surface, the Ratio com- 
pounded of that which the focal Diſtance bears to the Diſtance of 
the Radiant Point (or of the imaginary Focus of the incident Rays, 
if they converge) ; and of that, which the Diſtance between the 
ſame radiant Point (or imaginary Focus) and the Center, bears 
to the Diſtance between the Center and the Focus, 1s equal to the 
Ratio, which the Sine of the Angle of Incidence bears to the 
Sine of the Angle of Refraction. . 

This Propoſition admits of ſix teen Caſes. „ 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium, through a convex Surface, with ſuck a degree of Diver- 
gency, that they ſhall converge after Refraction. | 

Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C its 
Center of convexity, and let there be two diverging Rays AB 

and AD, proceeding from the radiant Point A, the one perpen- 
dicular to the Surface, the other oblique. Through the Center C 
produce the perpendicular one to F, and draw the Radius CB 
and produce it to K, and let BF be the refracted Ray; then will 
F be the focal Point; produce AB to H, and through the Point F 
draw the Line FG parallel to CB. AB being the incident Ray, 
and CK perpendicular to the Surface at the Point B, the Angle 
ABK, or which is equal to it, becauſe of the parallel Lines CB 
and FG, FGH, is the Angle of Incidence. Now wvhereas the 

ement of any Angle to two right ones has the ſame Sine 
auith the Angle itſelß, the Sine of the Angle FGB, that being the 


Complement of FOH to two right ones, may be conſidered as the & * 
| 0 
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DM. 2. Let the diverging Rays AB, AE, 
AP, (Fig. 6.) paſs out of a rarer into a den- 
ſer Medium, through the plain Surface GH, 
pe and 


of the Angle of Incidence ; which Sine the Line FB, as the Sides 
of a Triangle hawe the ſame Relation to eath ather, that the Sines 
of their oppoſite Angles have, may be taken for. Again, the An- 
gle FBC is the Angle of Refraction, or its equal, becauſe alter- 
nate to it, BFG, to which BG being an oppoſite Side, may be 
looked upon as the Sine. But FB is to EG ina Ratio compounded 
of FB to BA, and of BA to BG, for the Ratio that any two 
Ouantities bear to each other, is compounded of” the Ratio, which 
tbe firſt bears to any other, and of the Ratid which that other bears 
to the ſecond. Now FB is to BA, ſaspefng BD to vaniſh, as FD 
to DA; and BA is to BG, Becauſe of the parallel Lines CB and 
FG, as AC to CF. That is, the Ratis compounded of FD, the 
focal Diflance, to DA, the Diflance of the radiant Point, and of 
AC, the Diſtance between the radiant Point and the Center, to 
CF, the Diftance between the Center and the Focus, is equal to 
that which the Sine of the Angle of Incidence bears to the Sine 
of theAnple-of Refracting}. . 
- Obſ. 3. Whereas tht facal Diſtance of the oblique Ray AB A. 
ſuch, that the. compound Ratio of FB to BA and ef AC to C 
Hall be the ſame, whatever, be the Diflance betæueen B and D; it 
is evident, that fince AC it always of the Jae Length, the 
more the Line AB lengthens, | the more F B lengthen. too, ur 
elſe FC muſt ſhorten ; but it appears by 1:]þ42jn of the Figure, 
that if BF lengthens,  CFawwill du fo tov, and in agreater Pro- 
por tion with reſpect to its own Length than” Fail, therefore the 
Lengthning of BF will conduce nothing towards preſerving th 
Equality of the Proportion: but as AB lengthens, BF and CF 
muſt both ſhorten, which is the only poſſible Way auberein the Pro- 
rtion may be continued the ſame. And it is alſo apparent, that 
the farther B moves from D towards O, ibe faſter AB lengthens, 
.and therefore the farther the Rays enter from D, the nearer to 
the refrafting Surface is the Place where they meet, but the Space 
they are collected in, is the more diffuſed: And therefore in this 
Cafe, as well as thoſe taken Notice of in the twyo foregoing Obſerva- 
tions, different Rays, though flo wing from the ſame Point, Fall 
conſtitute different Focus's; and none are | fo effectual as thoſe 
awbich enter at or very near the Point D. And fince the ſame is ob- 
3 e 8 lo 5 fervable 
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arid let the Ray AB be perpendicular to that 
Surface; the reſt being refracted towards their 
reſpective Perpendiculars EK, FM, will pro- 


ceed 


ſeruable of converging as wvell as of diverging Rays, none except 
thoſe which enter very near that Point, are uſually talen into Con- 
fideration ; upon which Account it is, that the Diſtance DB, in de- 
termining the focal Diſtances of diverging or converging Rays en- 
tring a convex or concave Surface,- is ſuppoſed to vaniſh, 
hoſe who would ſee a Method of determining the preciſe Point, 
which the Ray AB, whether it be parallel, converging, or diverg- 
ing to the Ray AF, converges to or diverges from after Refraction 
at B or any other given Point in the Surface DO, may find it in 
the Appendix to Melineux's Optics, which for the Sake of thoſe 
who have not that Book, I ſhall ſubjoin at the End of this Note. 
Caſe 2. Of converging Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface with ſuch a degree of Conver- 
gency, that they ſhall diverge after Refraftion. 
Dem. Let the incident Rays be HB and FD paſſing out of a 
rarer into a denſer Medium through the concave Surface BD, and 
tending towards the Point A, from whence the diverging Rays 
flowed in the other Caſe; then the oblique Ray HB having its 
Angle of Incidence HBC equal to ABK the Angleof Incidence in 
the former Caſe, will be refracted into the Line BL ſuch, that its 
tefracted Angle K BL. will be equal to FBC the Angle of Refraction 
in the former Caſe; that is, it will proceed after Refraction in the 
Line FB produced, having the ſame ſocal Diſtance FD with the 
diverging Rays AB, AD, in the other Caſe. But, by what has 
been already demonſtrated, the Ratio compounded of F D, the 
Focal Diſtance, to DA, in thi: caſe, the Diſtance of the imagina 
Focus of the incident Rays, and of AC, the Diftance between t 
fame imaginary Focus and the Center, to CF, the Diſtance between 
the Center and the Focus, is equal to that which the Sine of the 
Angle of Incidence bears to the Sine of the Angle of Refraction. 
nnn N 
Caſe 3. Of diverging Rays paſſing out of a rarer into a denſer 
Medium through a convex Surface with ſuch a Degree of Diver- 
gency as to continue diverging. | 
Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and Jet 
their Divergency be ſo great, that the refracted Ray BL ſhall alſo 
diverge from the other; produce LB back to F which will be the 
local Point; draw the Radius CB and produce it to K, Po 


ceed in the Directions EN and FO, diverg- 
ing in a leſs Degree from the Ray AP, than 
they did before Refraction. 3. Had they pro- 


ceeded | 


BA likewiſe towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whoſe Sine BF may be taken for, 
as being oppoſite to the Angle BGF, which is the Complement of 
the other to two right ones. And LBC is the Angle of Refraction, 
or its equal KBF, or which is equal to this, BFG, as being alter- 
nate; therefore BG the oppoſite Side to this may be taken for the 
| Sine of the Angle of Refraction. But BF is to BG, for the like 

Reaſon as was given in Caſe the firſt, in a Ratio compounded of 
BF to BA, and of BA to BG. Now BF is to BA, (DB vaniſhing) 
as DF to DA, and becauſe of the parallel Lines FG and BC, the 
Triangles CBA and AGF are ſimilar, therefore BA is to AG as 
CA to AF, conſequently BA is to BA together with AG, that is, 
to BG, as CA is to CA together with AF, that is, to CF. There- 
fore the Ratio compounded of DF the focal Diſtance to DA the 
Diſtance of the radiant Point, and of CA the Diſtance between 
the radiant Point and the Center, to CF the Diſtance between the 
Center and the Focus, is equal to that which the Sineof the Angle 
of Incidence bears to the Sine of the Angle of Refraction. Q. E Þ. 

Caſe 4. Of converging Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface in ſuch Manner that they ſhall 
Continue converging. | 

Dem. Let HB and CD be the incident Rays paſſing out of the 
rarer into the denſer Medium through the concave Surface BD, 
and tending towards A the ſame Point from whence the diverging 
Rays flowed in the laſt Caſe. Then becauſe the Ray HB nas the 
ſame Inclination to the Perpendicular CK that AB had before, it 
will ſuffer the ſame Degree of Refraction, and paſs on in the Line 
LB produced, having its Focus F at the ſame Diſtance from the 
refracting Surface as that of the diverging Ray AB in the other 


Caſe. Therefore, &c. Q. E. D. 
Caſe 5. Of diverging Rays paſling out of a denſer into a rarer 


Medium through a convex Surface, 95 | 
Dem. Let AB, AD (Fip. 14.) be the incident Rays paſling 


out of a denſer into a rarer Medium through the convex Surface 
BD whoſe Center of Convexity is C; and let BL be the refracted 
Ray, which produce back to F, and draw FG parallel to CB. 
Here ABK is the Angle of Incidence, to which its alternate one 

| D 2 | FGB 
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ceeded out of a denſer into a rarer Medium, 
they would have been refracted from their Per- 
pendiculars EK, FM, and therefore have di- 
„ verged 


FGB being equal, FB the oppoſite Side may be conſidered as the 
Sine of it. The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to two right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, in the 
compound Ratio of BF to BA and of BA to BG for the Reaſon 
given above. Now (BD vaniſhing) BF is to BA as DF toDA, 
and BA is to BG as CA to CF. That is, the Ratio compounded 
of the focal Diſtance to the Diſtance of the radiant Point, c. 
. . | | 
83 6. Of converging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface. . | 
Dem. Let HB, CD. be the incident Rays tending towards the 
Point A which was the Radiant in the laſt Caſe. Then, for the 
Reaſons already given, the oblique Ray will ſuffer ſuch a Degree 
of Refraction, as to have its Focus Fat the ſame Diſtance from the 
Surface, as the diverging Rays AB, AD had in that Caſe. There- 
„. : | 
When the Mediums through which Rays paſs, and the refracting 
Surfaces are ſuch, that Rays flowing from A (Fig 12.) are col- 
lected in F, then Rays flowing from Þ through the ſame Me- 
diums the contrary Way, will be collected in A. For when Rays 
paſs out of one Medium into another, the Sine of the Angle of In- 
cidence bears the ſame Proportion to the Sine of the Angle of Re- 
fraction, as the Sine of the Angle of Refraction does to the Sine 
of the Angle of Incidence, when they paſs the contrary Way. 
This is applicable toeach of the fix following Caſes compared re- 
ſpectively with the fix foregoing ; therefore they may be conſidered 
as the Converſe of them ; or they may be demonſtrated indepen- 
dently of them, as follows. | | 
Caſe 7. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface, ſo as to converpe afterwards. 
Dem. Let AB, AD (Fig. 15.) be two diverging Rays paſſing 
through the concave Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refracted Ray. Draw CB 
and produce it to K, and draw FG parallel to it meeting AB pro- 
duced in G, Then will ABC be the Angle of Incidence, of which 
FB being oppofite to its alternate and equal Angle FG B, may be 
confidered as the Sine. The Angle of Refraction is FBK, of which 


2 | no 
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verged more than before. 4. Let the con- 
verging Rays AB, CD, EF (Fig. 7) paſs 
out of rarer into a denſer Medium, through 

2 ” | the 


GB being oppoſite to its Complement to two right ones GFB, may 
be taken for the Sine. Now FB is to BG, in a Ratio compounded 
of FB to BA, and of BA to BG. But (BD vaniſhing) FB is to BA 
as FD to DA, and becauſe of the parallel Lines CB and FG, BA 
is to BG as CA to CF. Therefore the focal Diſtance, E&*c.2.E.D. 
Caſe 8. Of converging Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface, fo as to diverge afterwards. 
Dem. Let GB and FD be the incident Rays tending towards 
A, and produce FB to L. Then as AB in the laſt Caſe was refract- 
ed into BF, GB will in this be refracted into BL, for the Rea- 
ſons _ given, having F for its focal Point. Therefore, &c. 
E 4 


Caſe q. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface, in ſuch Manner as to continue 
diverging. | | ; | 

Dem. Let AB, AD (Fig. 16.) be two Rays paſſing out of a 
denſer into a rarer Medium, through the concave Surface DB whoſe 
Center of Convexity is C. Draw CB, produce it to K, and let 
BL be the refracted Ray, produce BL back to F, and draw FG 
parallel to CB meeting BA produced in G. Then will ABC be 
the Angle of Incidence, of which FB being oppoſite to its alter- 
nate and equal Angle FGB, may be conſidered as the Sine. The 
refracted Angle is LBK, or its equal CBF, of which BG being 

oppoſite to its Complement to two right ones BFG, is the Sine. 
ow BF is to BG in the compound Ratio of BF to BA and of BA 
to BG : but BF is to BA as DF to DA ; and becauſe of the paral- 
lel Lines CB and FG, the Triangles BCA, AGFare ſimilar, there- 
fore BA is to AGas CA to AF, and conſequently BA is to BG as 
CA to CF. Therefore, &c. 2. E. D. | | | 

Caſe 10. Of converging Rays paſſing out of denſer into a 
rarer Medium through a convex Surface, in ſuch Manner as to 
continue converging. | 
Dem. Let HB, MD be the incident Rays tending towards the 
Point A. Then will the oblique Ray HB for the Reaſons al- 
ready given be refracted into BF. Therefore, &c. Q. E. D. 

Caſe. 11. Of diverging Rays paſling out of a rarer into a denſer 
Medium through a concave Surface, 


= 


Dem 
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the plain Surface GH, and let the Ray 
' AB be perpendicular to that Surface, then 


the other Rays being refracted towards their 
| reſpective 


Dem. Let AB, AD (Fzg. 17.) be the incident Rays paſſing out 
of a rarer into a denſer Medium, through the concave Surface BD 
whoſe Center of Convexity is C, and 2 the Line CB drawn 
and produced to K, the refracted Ray BL drawn and produced 
back to F, and alſo FG drawn parallel to CB, ABC will be the 
Angle of Incidence, of 92 ich FB being oppſite to its Comple- 
ment to two right ones BGF, is the Sine. The Angle of Refrac- 
tion will be LBK or its equal FBC, of which BG being oppoſite 
to its equal and alternate one BFG, is the Sine. Now FB is to 
BG in the compound Ratio of F Bto BA and of BA to BG. But 
(BD vaniſhing) FB is to BA as FD to DA, and becauſe of the 
parallel Lines FG and CB, BA is to BG as CA to CF. There- 
fore, fc. 2, E. D. | OY; 

Caſe 12. Of converging Rays paſling out of a rarer into a den- 

ſer Medium through a convex Surface. £7 

Dem. Let HB, MD be the incident Rays tending towards A 

the radiant Point in the laſt Caſe; then, as was explained above, 

BF will be the refracted Ray. Therefore, &c. Q. E. D. 

' Cafe 13. Of Rays paſling out of a denſer into a rarer Medium 
from a Point between the Center of Convexity and the Surface. 
Dem, Let AB, AD (Fig. 18.) be two Rays paſſing out of a den- 

ſer into a rarer Medium from the Point A, which let be poſited 

between C the Center of Convexity and the refracting Surface BD; 
through B draw CK, and let BL be the refrafted Ray ; produce 

BL back to F and draw FG parallel to BC. Then will ABC be 

the Angle of Incidence, of which BF being oppoſite to its Comple- 

ment to two right ones BGF, is the Sine. LBK will be the An- 
gle of Refraction, or its equal FBC, of which BG being oppoſite 
to its alternate and equal one BFG, is the Sine. But, as before, 

BF is to BG in a compound Ratio of BF to BA and of BA to BG; 

and (BD vaniſhing) BF is to BA as DF to DA, and becauſe the 

Lines CB and FG are parallel, BA is to BG as CA to CF. 

Therefore, &c. 2, E. D. | ö | 
Caſe 14. Of Rays paſſing out of a denſer into a rarer Medium 

towards a Point between the Center of Convexity and the Surface. 

Dem. Let the incident Rays be MD, HB, tending towards A 
from whence the other proceeded in the laſt Caſe, Then as ig 


that 
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reſpective Perpendiculars DK, FM, will pro- 
ceed in the Directions DN, FN converging in 


a leſs Degree towards the Ray AN, than mop 


that Caſe the refracted Ray BL being produced back paſſed through 
F, in this the refracted Ray itſelf, for the like Reaſons as were 
given in the foregoing Caſes, will paſs through that Point. There. 
fore, &c. ©. E. D. a 
Caſe 15. Of Rays paſſing out of a rarer into a denſer Medium 
from a Point between the Center of Convexity and the Surface. 
Dem. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 
out of a rarer into a denſer Medium through the refracting Surface 
BD, whoſe Center of Convexity is C, a Point beyond that from 
whence the Rays flow. Through Bdraw CK, and let BL be the 
refracted Ray, produce it back to F, and draw FG parallel to BC 
meeting BA produced in G. ABC will be the Angle of Incidence, 
of which BF being oppoſite to its alternate and equal Angle EGF, 
is the Sine. The Angle of Refraction is LBK or its equal FBC 
of which BG being oppoſite to its Complement to two right ones 
BFG, is the Sine. But BF is to BG in the compound Ratis of 
BF to BA and of BA to BG; and (BD vaniſhing) BF is to BA 
as DF to DA, and becauſe of the paralle] Lines CB and GF, the 
Triangles AFG and ABC are ſimilar, BA therefore is to AG as 
CA to AF, conſequently BA is to BA and AG together, that is, to 
BG, as CA is to CA and AF together, that is, to CF; and there- 
fore the focal Diſtance, c. 2. E. D. 
Caſe 16. Of Rays paſſing out of a rarer into a denſer Medium 
towards a Point between the Center of Convexity and the Surface. 
Dem. Let HB, MD bethe incident Rays having for their ima- 
ginary Focus the Point A which was the Radiant in the laſt Cie, 


and let C the Center of Convexity of the refracting Surface be 


poſited beyond this Point. Then will HB, for the Reaſons already 
given, be refracted into BF, having the Point F for its real Focus 
which was the imaginary one of the diverging Rays AB, AD in 
the former Caſe. Therefore the Ratio compounded of that which 
the focal Diſtance bears to the Diſtance of the imaginary Focus of 
the incident Rays, and of that which the Diſtance between the 
ſame imaginary Focus and the Center, bears to the Diſtance be- 
tween the Center and the Focus, is equal to the Ratis which the 
Sine of the Angle of Incidence bears to the Sine of the Angle of 
Refraction. ©. E. D. 8 | 

| The 
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did before. 5. Laſtly, had the firſt Medium 
been the denſer, they would have been refracted 
the other Way, and therefore have converged 


more. ; 
Mx VI. When' 


The firſt Term in the foregoing Proportion (viz. that in Pro- 
poſition the 3d of this Note) being always an unknown Quantity 
thoſe who are not well verſed in the Uſe of ſuch Propoſitions, may 
think it impoſſible to inveſtigate the focal Diſtance of any refra&- 
ing Surface by it: I ſhall therefore exemplify it in the following 
Inſtance, by which the Manner of doing it in all others will 
clearly be underftood. v. g. Let it be required to determine the 
focal Diſtance of diverging Rays paſſing out of Air into Glaſs 


through a convex Surface, and let the Diſt ance of the radiant Point 


be 20, and the Radius of Convexity be 5: Now becauſe we muſt 
make Uſe of the focal Diſtance before we know it, let that be ex- 
preſſed by ſome Symbol or Character as x : Then, becauſe by the 
aforeſaid Propoſition the Ratio compounded of that which the fo- 
cal Diſtance bears to the Diſtance of the radiant Point (that is in 
this Suppoſition, of æ to 20); and of the Ratio which the Diſtance 
of the ſame radiant Point from the Center bears to the Diſtance be- 


| tween the Center and the Focus (in this Caſe, of 25 to x— 5) is 


equal to the Ratio which the Sine of the Angle of Incidence bears 
to the Sine of the Angle of Refraction (that is, of 17 to 11 ), we 
ſhall have in the Inſtance before us, the following Proportion, wiz. 
cp ae : 17 : 11, and compounding them into one, 
25: x—5 $09 0 DRE e | 
which is done by multiplying the two firſt Parts together, we have 
25x: 20x—100 :: 17 : 11, and multiplying the extream Terms 
and middle Terms together, 340x—1700==27 5x, which Equa- 
tion after due Reduction gives æũ 5. | $7 IS e 

In ſome Caſes which might have been put, the Quantity 65 
would have been negative, and then the Quotient ariſing from 


' 1700 divided by that, would have been ſo too; that is x the focal 
Diſtance would have been Negative, in which Caſe the Focus muſt 


have been taken on the contrary Side the Surface to that on which 
it was ſuppoſed to fall in ftating the Problem; that is, it muſi 
have been taken on the ſame Side with the radiant Point, for in 
calling the Diſtance between the Center and the Focus xz it was 
ſuppoſed the Focus would fall on the ſame Side with the Center, 


or on that which is oppoſite to the radiant Point, becauſe otherwiſe 
| tha 
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VI. W hen Rays proceed out of a rarer in- 
to a denſer Medium, through a convex Sur- 
face, if they are parallel before Refraction, 

they become converging afterwards. 
For 


that Diſtance muſt have been expreſſed by x E, as any one may 
ſee by Inſpection of the 13th or 14th Figure, in which the Focus. 
of diverging Rays entring a convex Surface, is ſuppoſed to fall on 
the ſame Side with the radiant Point. 

In like Manner as this Problem was performed, a general The- 
orem may be raiſed to ſolve it in all Caſes whatſoever, by ufing 
Characters inſtead of Figures; as every one who is not unaequain- 
ted with algebraic Operations very well Knows. 

See this done, and applied to the Paſſage of Rays through the 
Surface of Lenſes in the {ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entring a ſphe- 
rical Surface at any given Viſtance from the Vertex of it, converges 
to or diverges from after Refraction at the ſame. From the Appen- 
dix to Molineux's Dioptrics. 8 | 

© Prop. Jo find the Focus of any Parcel of Rays diverging from, 
or converging to a given Point in the Axis of a ſpherical Lens 
« [Surface] and inclined thereto under the ſame Angle; the 
* Ratio of the Sines in Refraction being known. M7 
Let GL (Fig. 20) be the Lens, P any Point in its Surface, 
*© V the Pole [Vertex] thereof, C the Center of the Sphere 
« whereof it is a Segment, O the Object or Point in the Axis to 
dor from which the Rays do proceed, OP a given Ray; and let 
*« the Ratio of Refraction be as » tos; make CR to CO as s to r 
© for the Immerſion of a Ray, or as r to s for the Emerſion, (that 
is, as the Sines of the Angles in the Medium which the Ray en- 
ters, to their correſponding Sines in the Medium out of which 
it comes) and laying CR from C towards O, the Point R ſhall 
abe the ſame for all the Rays of the Point O. Then draw the 
Radius PC (if Need be) continued, and with the Center R and 
** Diſtance OP ſweep a Touch of an Arch 3 PC in Q; 

the Line QR being drawn ſhall be parallel to the refracted Ray, 
and PF being made parallel thereto, ſhall interſect the Axis in 
the Point F, which is the Focus ſought. Or make it as CQ, 
CP: : CR: CF, and CF fhall be the Diſtance of the Focus 
from the Center of the Sphere. | 

Z * 5 . | Den. 
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For in this Caſe, the Perpendiculars at the 


Points where the Rays enter the Surface, are 


all drawn from the Center of Convexity on 
„ 


« Dem. Let ſall the Perpendiculars PX on the Axis, CY on the 
given Ray, and CZ on the refracted Ray. By the Conſtruction 
PF and QR are parallel, whence the Triangles QRC and PFC 
are ſimilar, and CR to Q, as CF to PF, that is CR to OP as 
* CF to PF. Now CF: PF: : CZ: PX ob fimilia Trians. 
% whence CR: OP:: CZ: PX, and CR: CZ:: OP: PX. Again, 
R is to CO as the Sines of Refraction by Conſtruction, that 


«is, 28 f to 7, or r to 23 and as CR to CZ, ſo (CO =) er 
g 4 


4 r 4 i 
ens 7 977. CZ, and ſo is PO to PX: But as PO to PX, 


* 


7 | 5 
ſo CO to CY. Ergo CY =—or —CZ, that is, CY to CZ isa 


„ „* 
*« the Sines of Refraction, but CY is the Sine of the Angle of In- 
«« eidence. and CZ of the refracted Angle. Ergo conflat Propofi- 
40 696 | 4 

2 Hitherto we have conſidered only ob/ique Rays ; it now re- 

« mains to add ſomething concerning Rays parallel to the Axis: 
In this Caſe the Point O muſt be conſidered as infinitely diſtant, 
« and conſequently OP, OC, and CR are all infinite; and OP 
t& ind OC are in this Caſe to be accounted as always equal, (fince 
« they differ but by a Part of the Radizs of the Sphere GPVL, 
4 which is no Part of either of them) wherefore the Ratio of CR 
te to OP will be always the ſame, wiz. as s to r for immerging 
«© Rays, and as r to ; for thoſe that emerge. And by this Propo- 
cc ſition CF is to PF in the ſame Ratio. It remains therefore to 
4 ſhew on the Baſe CP how to find all the Triangles CPF, wherein 
« CF is to PF in the Ratio given by the Degree of Refraction. 
«© This Problem has been very fully conſidered by the celebrated 
«« Dr. Wallis in his late Treatiſe of Algebra, p. 258, to which I 
«c refer; but I muſt here repeat the Conſtruction thereof. See 
& Fig. 21 and 22. | 
* Tet GPVL be a Lens, VCor PC the Radius of its Sphere, and 
« let it be required to find all the Points /, 7 ſuch, as may be 
to PF in the given Ratio of 5 to r for immerging Rays, or as 
to for the emerging. Divide CV in K, and continue CV to 
« E, that CK may be to VK, and CF to VF in the propoſed Ra- 


ts 75, Then divide KF equally in the Point a, and with that 


Center 
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the other Side; and therefore, as the Rays 
are refracted towards thoſe Perpendiculars, 
they are neceſſarily refracted towards each 
other, and thereby made to converge. | 
Let it be remembered, that in the foregoing 
Caſe and in all others where Rays are 2 
to paſs through a convex or concave Surface, 
the Surface is ſuppoſed to belong to that Me- 
dium, into which the Rays enter, not to that 
out of which they paſs. Thus, when Rays 
paſs out of a denſer Medium that has a con- 
vex Surface into a Vacuum, they are ſaid to 


75 through a concaue Surface, the Surface 


_ of the Vacuum into which they enter in that 
aſe, being ſuch. 1 
VII. If they enter diverging, then for the 
ſame Reaſon, they are made to diverge leſs, 
to be parallel, or to converge, according to 


Center ſweep the Circle FK F; this Cirele being drawn gives 
« readily all the Foci of the parallel Rays OP, OP. For having 
* continued CP till it interſe& the Circle in F, PF ſhall be always 
« equal to Vf the Diſtance of the Focus of each reſpective Parcel 
« of Rays OP from the Vertex or Pole of the Lens. 

« To demonſtrate this, draw the prickt Line VF, and by what 
41 is delivered by Dr. Vallis in the above-cited Place, VF and CF 

« will be always in the ſame propoſed Ratio. Again, VF being 
«© made equal to PF, CF and CF will be likewiſe equal, as are 
« CP, VC; andthe Angles PC/, VCF being ad verticem are alſo 
* equal: Wherefore PF will be equal to VF, and conſequently 
to PF in the ſame Ratio as CF to VF, whence, and by what 
«© foregoes, the Points 7, J, are the ſeveral reſpective Foci of the 


*« ſeveral Parcels of Rays, OP, OP. L E. D.— 


If any one would ſee how this is to be applied in all other In- 
nces, he may conſult the Place. | 
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the Degree of Divergency they have before 


they enter. 
For if they diverge very much, their being 


bent towards their reſpective Perpendiculars i in 


paſſing through the Surface, may only diminiſh 
their Divergency , whereas, if they diverge in 
a {mall Degree it may make them parallel or 
even to con verge. What Degree of Divergency 
or Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section he 
17th of this Chapter.. .. 

VIII. If they converge in ſuch Xariner ag 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 


pes on to the Center without ſuffering any 


fraction. 
IX. If they converge leſs than their Perpen- 


diculars, that is, if they tend to a Point be- 
yond the Center of Convexity, they are made 
by Refraction to converge more; and if they 
converge more than their Perpendicuſars, that 
is, if they tend towards a Point between the. 
Center og the Surface, then by being retracted: 
towards them, they are made to converge leſs. 
This and the three foregoing Propoſitions 
ma be illuſtrated in the following Manner. 
Let AB, CD (Fig. 8.) be two parallel 
8 entring a denſer Medium through the 
ergrer Surface DB, W vhoſe Center of Convex- 


ity 
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ity is E; and let one of theſe, viz. AB be per- 

ndicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 


fraction, but the other being oblique to the 


Surface, will be refracted towards the Perpen- 
dicular ED, and will therefore be made to pro- 


ceed in ſome Line, as DG, converging towards 


the other Ray, and meeting it in G, which 
Point for that Reaſon is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 
poſe in the Line AD, it would, by being re- 
fracted towards its Perpendicular ED, have 
been made either to diverge leſs, be parallel, 


or to con verge. 3. Let the Line ED be pro- 
duced to F, and if the Ray had converged, ſo 


as to have deſcribed the Line FD, it would 
then have been coincident with its Perpendiou- 
lar, and have ſuffered no Refraction at all. 4. 
If it had proceeded from any Point between C 
and F, as from H, or which is the ſame Thing, 


towards any Point beyond E in the Line BE 


produced, it would have been made to con- 
verge more, by being refracted towards the 
Perpendicular DE, which converges more than 


it; and had it proceeded from ſome Point, as 


I, on the other Side F, that is, towards any 


Point between B and E, it would then have 


converged more than its Perpendicular, and ſo, 


being refracted towards it, would have been 


made to have conyerged leſs, 


X. When 
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X. When Rays proceed out of a denſer into 
a rarer Medium, through a convex Surface, 
the contrary happens in each Caſe. | 
For being now refracted from their reſpective 
Perpendiculars, as they were before towards 
them, if they are parallel before RefraQtion, 
they diverge afterwards; if they diverge, their 
Divergency is increaſed ; if they converge in 
the Direction of their Perpendiculars, they ſuf- 
fer no Refraction; if they converge leſs than 
their reſpective Perpendiculars, they are made 
to converge {till leſs, to be parallel, or to di- 
verge; if they con verge more, their Con ver- 
gency is increaſed. All which may clearly be 
cen by the Figure, without any farther Illuſe 
tration, imagining the Rays AD, CD, Sc. 
bent the contrary Way in their Refractions to 
what they were in the former Caſes. | 
XI. When Rays proceed out of a rarer into 
a denſer Medium, through a concave Surface, 
if they are parallel before Refraction, they are 
made to diverge. oh 
For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive them 
to paſs through the Surface, they will be ſo 
many diverging Lines on the other Side, and 
therefore theRaysafter they have paſſed through 
the ſame Points, muſt neceſſarily be rendered 
diverging in being refracted towards _— 


Chap. 3.The Refractionof Light, &c. 41 


XII. If they diverge before Refraction, then 
for the ſame Reaſon, they are made to diverge 
more. 1 

XIII. Unleſs they proceed directly from the 
Center, in which Cale they fall in with their 
Perpendiculars, and ſuffer no Refraction: or from 
ſome Point between the Center of Convexity 
and the Surface, for then they diverge more 
than their reſpective Perpendiculars, and there- 


fore being by Refraction brought towards them, 


they become leſs diverging. 

XIV. If they converge, then being refracted 
towards their Perpendiculars, they are either 
made leſs 5 parallel, or diverging, 
according to the Degree they converged in be- 
fore Refraction. | | a 
IJ To illuſtrate this, and the three foregoing 

Caſes. 1. Let AB, CD (Fig. 9.) be two pa- 
rallel Rays entring the concaveand denſer Me- 


dium X, the Center of whoſe convexity is 


E, and the Perpendicular to the refracting Sur- 
face at the Point D, is EF; the Ray AB if 
we ſuppoſe it perpendicular to the Surface at B 
will proceed on dire&ly to G; but the oblique 
one CD being refracted towards the Perpen- 
dicular DF, will recede from the other Ra 
AG in ſome Line as DH. 2. If the Ray C 
had proceeded from A diverging in the Direc- 
tion AD it would have been bent nearer to the 
Perpendicular, and therefore have diverged 
more. 3. But if it had diyerged from the Cen- 
| e | ter 
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ter E, it would have fallen in with the Per- 


pendicular EE. and not have been refracted at 


all: and had it proceeded from I, a Point on 


the other Side tlie Center E, it would by being 
refracted towards the Perpendicular DF have 

roceeded in ſome Line nezrer it than it other- 
wiſe. would have done, and ſo would diverge 
4. If it had con- 
verged in the Line LD, it Nr have been 
rendered leſs con verging, parallel, or diverging, 
according, to the Degree of Convergency, which 
it had before it entered into the refracting Sur- 


face. 


XV. If the ſame Rays proceed out of a den- 
ſer into a rarer Medium through a concave Sur- 


face, the contrary happens in each Suppoſiti- 
on: The parallel are made to converge; thoſe 


which diverge leſs than their reſpective Perpen- 
diculars, that is, thoſe which proceed from a 


Point beyond the Center, are made leſs diver- 


ging, parallel, or converging, according to the 
Degree in which they diverge before Refraction; 
thoſe which diverge more than their reſpectiye 
Perpendiculars, that is, thoſe which proceed 


from a Point between the Center and the re- 


fracting Surface, are made to diverge ſtill more. 
And thoſe wich converge, are made to con- 
verge more. All which may eaſily be ſeen by 
conſidering the Situation of the Rays AD, CD, 
&c. with Reſpect to the banded GY EF; 
and . requires no farther Illuſtration. 


XVI. When 


Part I Plate I G 42. 


1 fa Figg. P 15. 
X Þ — 


LEE ban K Plan og. . 
Ee Pp. Fig 2 Pu. £5, T4] 


r 


i 


gu. P 2g: 
0 


Pa r 11 Nia II. 22 
2» 72. Pas. 
3 


— 


— 93 ——— 2 


— 


— 


63 — 


gu ah 


©. or ” 4 Re ER 
———ꝛ —ñ— cr eo 
4 8 , 


* 


A 


Chap. 3. The Refraction of Light, &c. 43 
XVI. When diverging Rays are by Refrac- 
tion made to converge, the nearer their radiant 
Point is to the refracting Surface, the farther 
is their Focus from it on the other Side, and 
wee et 7 Ts 
For the nearer the Radiant Point is to the 
refracting Surface, the more the Rays which 
| fall upon the ſame Points of it, diverge before 
| RefraCtion, upon which Account they converge - 
the lefs afterwards, 

XVII. When the radiant Point is at that 
Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by RefraCtion be collected, then Rays 
flowing from that: Point become parallel on the 
other Side, and are ſaid to have their Focus 
at an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
the Ray paſſes one Way or the other. For 
Inſtance, if the parallel Rays AB, CD (Tig. 8) 
in paſſing through the refracting Surface BD 
are brought to a Focus in G, then Rays flow- 
ing from G as a radiant Point will afterwards 
proceed in the parallel Lines BA and DC. 
And the Point G, where the parallel Rays AB 
and CD meet, is called the Focus of parallel 

Rays. 5 es © 
XVIII. When Rays proceed from a Point 
nearer the refracting Surface than the Focus of 
pe Rays, they continue to diverge after 
efraction, and their Focus is then an imagi- 
nary 
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nary one, and ſituated on the ſame Side the 
Surface with the Radiant. 

For in this Caſe, cheit Divergency being 
greater than that Which they would have, if 
they had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they paſ- 
ſed through the refracting Surface; upon which 
Account, "they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 
the refracting Surface than their Radiant. 


CHAP. IV. 


Of Lenſes, and the Manner in which Rays 
are affected i in paſſing through them. 


Lens, is a Medium terminated on one 
Side by a ſpherical Surface, on the other 
by a Surface either plain or ſpherical. And of 
theſe there are five Sorts. The firſt, as A, 
(Frg. 23.) is plain on one Side and convex on 
the other; the ſecond, B, convex on both 
Sides; the third, plain on one Side and con- 
cave on the other, as C; the fourth, D, con- 
cave on both Sides; the fifth, convex on one 
Side and concave on the other, as E, Which is 
by ſome called a Meuiſcus. 


The 
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The Axis of a Lens is a Line paſſing per- 
pendicularly through both its Surſaces: Thus, 
the Line FG is an Axis common to all the five. 
Lenſes are diſtinguiſhed into two general 
Kinds, . convex and concave ; the firſt and ſe- 
cond Lenſes are conſidered, as convex; the 
third and fourth, as concave : the laſt, if its 
Convexity is greater than its Concavity, is 
looked upon, as convex; if on the contrary, 
it is conſidered as concave. 3 | 
A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
 _ unleſs where the contrary is expreſſed. 
| When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and thereby 
collected to a Focus on the other Side. : 
Jo explain this, let us trace the Progreſs of 
a Ray as AB (Jig. 24.) through the convex 
Lens CDEH, whoſe Axis is IK. Let L be 
the Cente: of the firſt Convexity CDE, and M 
that of the other CHE; and let the Ray AB 
be parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 
Surface CDE at that Point. The Ray AB in 
entring the denſer Subſtance of the Zens will 
be refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 
face at B in ſome Direction inclined towards 
the Axis, as BP. Through M the Center of 
Convexity of this Surface and the Point P draw 
ol: A: | the 
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the Line MR, which paſſing through the Cen- 
ter will be perpendicular to the Surface at P, 
and the Ray now entring a rarer Medium will 
be refracted from the Perpendicular into ſome 
Direction as PF. In like Manner, and ſor the 
ſame Reaſons, the parallel Ray ST on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 
Point, unleſs the Rays AB and ST enter the 
Surface of the Lens at too great a Diſtance 
from the Axis IF, the Reaſon of which has al- 
ready been fully explained“. 

The Point F where the parallel Rays AB, 
SF, Sc. are ſuppoſed to be collected by paſ- 
fing through the Lens CE, is called the Focus 
of parallel Rays of that Lens. 

If the Rays converge before they enter the 
Lens, they are then colleQed at a Point nearer 
to the Lens than the Focus of parallel Rays, 
If they diverge before they enter the Lens, they 
are then collected in a Point beyond F; unlefs 
they proceed from a Point on the other Side at 
the ſame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered paral- 
lel. If they proceed from a Point nearer than 
that, they diverge aſterwards, but in a leſs 
Degree than beſore they enter the Lens. 
If the Lens is plain on one Side and convex 
on the other, the Rays are refracted the ſame 
Way, but in a leſs Degree. 


* See Obſervation 3, in the foregoing Note. 


Had 
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Had the Rays AB, ST proceeded from a 
radiant Point on one Side the Lens, and been 
collected in a Focus on the other; then if they 
ſhould be ſuppoſed to proceed from that focal 
Point as from a Radiant, and paſs through the 
Lens the contrary Way, they would be col- 


llected in that Point which was the Radiant in 


the other Caſe: and the nearer the Radiant 
Point is to the Zens, the farther is the Focus 
from it on the other Side, and vice verſa, 

If the Rays AB, CD, EF, Sc. (Lig. 25.) 
be parallel to each other, but oblique to G the 
Axis of the Lens IK, or if the diverging Rays 
_ CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lens, they 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 
the Middle of the Leus and falls upon the Sur- 
face of it with ſome Obliquity, will itſelf ſuf- 
fer a Refraction at D and N; but then it will 
be refracted the contrary Way in one Place to 
wWjhat it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 
ceive if we imagine ND to be a Ray paſſing 
out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Difference between the Si- 
tuation of the Point L and one directly 3 

| | | | te 
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ſite to C, is ſo ſmall, that it is generally neg- 
lected; and the Focus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 
the middle Point of the Lens, were it to lut- 
ſer no Refraction, would proceed in. 

All which is ſufficiently clear, from what 
has been ſaid concerning the Laws of Refrac- 
tion explained in the foregoing Chapter. 

When parallel Rays fall upon a concave 
Lens, they are refracted from each other in 
paſſing through it, and thereby made to diverge, 
proceeding as from an imaginary Focus on the 


firſt Side the Zens. 

In order to comprehend this, let ABCD 
(Fig. 26.) repreſent a concave Lens, EF its 
Axis, GH the Radiusof the firſt Concavity, IK 
that of the ſecond; produce HG to L, and let 
MG be a Ray of Light entring the Lens at the 
Point G. 'This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 
Point as K 1n the other Surface more diſtant 
from the Axis than G, and being there refract- 
ed from the Perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed in the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the imaginary Focus of parallel Rays 
of this Lens. 41 
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If the Rays diverge before they enter the 
Lens, their imaginary Forus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed=- 
ing towards ſome diſtant Point in the Axis as 
E, they are then rendered leſs converging: if 
they converge to a Point at the ſame Diſtance 
from the Lens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a © 
leſs Diſtance they remain converging, but in a 
leſs Degree than before they entered the Lens. 
When the Rays enter the Zens diverging, 
the nearer their radiant Point is to it, the 
nearer alſo is their imaginary Focus aſter Re- 
fraction, and vice Versa. 
If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like Refraction 
in each Cafe, but in a lets Degree. 

The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Leps, 
is eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter. 

But the Method of determining the exact 
focal Diſtances of Lenſes is to be had from the 
Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter. Thus, the 
Progreſs of the Rays after their Refraction at 
the firſt Surface where they enter a Lens, is 
had by one of thoſe which determines the fo- 
cal Diſtance of Rays entring a denſer Medium 
of ſuch Form: And their Progreſs after their 
| — 
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Refraction at the other Surface where they po 
out, is had by computing what Progreſs Rays, 
moving in the Direction they are found to have 
after their Entrance at the firſt Surface, will 
acquire by being refracted at the other; which 
is to be effected by one which determines the 
focal Diſtance of Rays paſſing out of a denſer 
Medium of like Form with that of the oth 

V hen 


* Or a general Theorem may be made after the following Man- 
ner, to determine the Progreſs of Rays after Refraction at botli 
Sides of the Lens, whatever be the Matter of it, or the Form 
wherein it is made. : Ps | 

Fhus ſuppoſe GH (Fig. 28.) to be a given Lens, and E a Point 
in its Axis from whence the diverging Rays EL, gc. fall upon 
the Lens, AL the Radius of the firſt Convexity, and CK that of 
the ſecond ; let LKf be the Direction of the diverging Ray EL 
after its Refraction at the firſt Surface, and KF its Direction after 
Refraction at both. Then will F be the Focus of the Rays after 
their firſt Refraction, and F the Point they will meet in after both. 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of I to R. Call EB, 4 
BD, :; AB, ; CD, 5s; B/, x; DF, y: Now, to find / their 
Focus after Refraction at L where they enter the firſt Surface of the 
Lens, comes under the third Propoſition in the forementioned 
Note: According to which the Ratio compounded of x, the focal 
Diſtance ſought, to d, the Diftance of the radiant Point; and of 
Ar, the Diſtance between the ſame Point and the Center, to 
& -r. the Diſtance between the Center and the Focus, is as I to R; 
compounding theſe two Ratios therefore (that is multiplying them 
together} we have dx+rx: dx—ar::1:R; which Proportion 
1c. OOO into an Equation, and duly reduced, gives x 

dr 


Id - RAR > | 
Thus having found the Diſtance Bf, and conſequently the Point 
J. to which the Rays converge from L, we muſt proceed to find F, 
that to which they will converge after having paſſed _—_ K 
| | where 


When a Ray paſles through a Medium ter- 
minated by two plain and parallel Surfaces, it 


where they ſuffer a ſecond Refraction: This comes under the ſame 
Propoſition, but if we would uſethe ſame Letters as before, toexpreſs 
the Proportion which the Sine of the Angle of incidence bears to 
that of the Angle of Reſraction, they muſt be put one for the other; 
becauſe when Rays paſs out of a denſer into a rarer Medium, the 
Sine of the Angle of Incidence bears the fame Proportion to the 


Sine of the Angle of Refraction, that the Sine of the Angle of 


Refraction does to the Sine of the Angle of Incidence, when they 
paſs out of a rarer into a denſer. I his being obſerved, by the 
_ aforeſaid Propoſition, we ſhall have the Ratio compounded of y, 
.: —ts the imaginary # } 
the focal fence, to FT Rr fs the imaginary Focus of the 


| Ia 
incident Rays ; and of | T7, — , the Diſtance between 


the imaginary Focus and the Center, to yt, the Diſtance betaueen 
the Center and the Focus, as R to I. Which Equation, if we reduce 
| E,. 


n eee ee 


: EE.” | 
the mixed Quantities 2 and n 


＋ into improper Fractions, will ſtand thus, 


14. —Id-ERA.-R- 
e 
and | 22 JEET » 
Jdr—Tdt+Radtþ Rr - IA. RA. -R i 
2E REESIR 5 


And compounding taeſe Ratios we have 
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IS 


Idry—Tdty+Raty-i-Rrty+Idsy—Rdy3—Rrsy : Idry—Tdtz4+Raty 
„„ 2 m_ 
+Rrity +I ars — lat - RAt- - Rx. 3 


Rr wy 
the two equal Denominators Ia RA Rr, and I/—R4—Rr, 
and multiplying Extreams together and Means together, we have 

IId — III IR aH - IRH IId IRdg—tRrg=IRdy— 
TR4y-þ RRaty 4+ RRrty + IRdrs I Rat. + RRats + RRrts ; 
| Radars —TR#ts 


R: I. And throwing out 


which Equation being reduced, gives y II 


RR. ER Rt. ; 
IRT III IRA IN. IR NN. NN 
g «. (GG 8 ' 


II TAI RA 
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is refracted one way in going out of the ſecond, 
as much as it was the other in entring the firſt; 
and therefore proceeds afterwards not in the ſame 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 27.) 
enters the denſer Medium C DEF terminated by 
the parallel Surfaces CD and EF, it is refracted 
at B towards the Perpendicular BI, proceeding 
to a Point as G, where it is as much refracted 
from the Perpendicular GK in going out, and 
proceeds in the Direction GH not the ſame, 
but parallel to the former ABL. 


This Theorem may be applied to all Caſes whatever, even to 
plain Surfaces matatis mutanais; v. g. the Radius of a concave 
Surface being negative (as lying the contrary Way) with Reſpect 
to that of a convex, and the Radius of a plain Surſace being an 
infinite Line; if we would apply this Theorem to a concave Sur- 
face, we muſt change al! the Sines of thoſe Members wherein the 
Symbol expreſſing the Nadius of that Surface occurs; and if to a 
plain Surface, all the Members which involve the Radius muſt be 
conſidered as infinite Quantities, that is, all, except them, muſt be 
ſtruck out of the Equation as nothing. So likewiſe, if we would 
have it extend to other Rays beſides diverging ones, the Point 
where converging Rays would meet, lying on the contrary Side to 
that from whence the diverging ones were ſuppoſed to flow, its 
Diſtance mutt be made negative; and the Diſtance where parallel 
Rays meet being infinite, it is only changing the Sines of all 
thoſe Members in which 4 is found, if the Rays are ſuppoſed con- 
verging, of making thoſe Members infinite in Caſe the Rays are 
ſuppoſed parallel; which is done by ſtriking out all the reſt, as 
bearing no Proportion to them. 

See the Method of reducing this Equation to fewer Terms, where 
it is alſo illuſtrated with divers Inſtances, in Dr, Brew#'s Appen- 
dix to Gregory's Optics; or in Dr. Halley's Method of finding the 
principal Focus of Optic Glaſſes univerially; Philoſoph. Tranſact. 
No, 208. BE | | | 5 
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CHAP. v. 


Of he Eye. 


He Form of the Eye! is ſuch as is repre- 
ſented in Figure 29, and would be 
a perfect Sphere, were not the fore Part AA 
ſome what more protuberant than the reſt. 

The Deſcription of it, fo far as is neceſſary 
to explain the Nature of Viſion, is as follows. 

It is incloſed in three diſtinct Coats or Tegu- 
ments; the outermoſt of which, vg. aa, is 
called Tunica Sclerotica; the next cc, Cho- 
roides, or Uvea,; the third and innermoſt ad, 
derives its Name from that of its Diſcoverer, 
and is called Tunica Ruyſchiana. 

Theſe Coats are contiguons to each other 
every where, except on the fore Part of the 
AA 
That Portion of the Sclerotica which lies be- 
tween A and A, is more protuberant than the 
reſt, is tranſparent, and has the Name of Tu- 
nica Cornea. | 

That Portion of the Choroides which is ſitua- 
ted between 6 and &, is called the 1ris;. and is 
that which by its Colour denominates an Eye 
black, grey, &«c. In the Middle of this there 
is a round Hole as pp, called the Pupil. : 

The Iris conſiſts oftwoKinds of muſcular Fi- 
bres; the firſtlye extended from its Extremity 

8 2 | | like 
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like the Radii of a Circle, and point towards 
the Middle of the Pupil as towards a Center : 
the other are circular ones and ſurround the 

Pupi!, having the Middle of it for their com- 
mon Center. Theſe are connected to the for- 
mer where they croſs them: and therefore when 
theſe contract, the Pupil is diminiſhed ; when 
the other, it 1s inlarged. 

Within the Cavity of the Eye, and not far 
behind the Pupil, there is a ſoft tranſparent 
Subſtance CC, not unlike a double convex 
Lens, one of whoſe Surfaces as 8, is more con- 
vex than the other. This is called the Chriſ- 
talline Humour; and is ſuſpended within the 
Eye by certain Ligaments as Ci. Ci, called 
Ligamenta Ciliaria, or Proceſſus Ciliares : 
theſe are convex towards the Pupil, as expreſſed 
in the Figure, and concave on the other Side, 
and are muſcular, and therefore capable of 
Contraction and Dilatation. The Convex Sides 
of theſe Ligaments are lined with a very black 
Subſtance, as is alſo that Side of the Iris which 
15 next them. 

The Zunica Ruyſchiana leaves the Choroj- 
des at I, and paſſing behind the Ligamenta 
Ciliaria and the Chriſtalline Humour, is con- 
tiguous to them, and joins the Choroides again 
at /, on the other Side the Pupil. 

By means of the forementioned Parts, the 
re of the Eye is divided into two Portions; J 
the one of which VV i is filled with a Fluid 

nearly 


nearly of the ſame Denſity with Water, 4215 is 


therefore called Humor Aqucus; the other TD 


contains a Fluid whoſe Conſiſtency is greater 
than that of the former, and is called Humor 


Vitreus. 
At the back Part of each Eye, but not a 


realy oppoſite tothe Pupil, there enters a Nerve 


as NN, which is called the Optic Nerve. 


The Fibresofthis N erve, after their Entrance 


into the Eye at N, ſpread themſelyes over the 
innermoſt Coat of it as far as the Ligamenta 
Ciliaria, and form a very thin Membrane, 
called Tunica Retina, 

The innermoſt Coat of the Eye is every 


where covered (except that Part of it which 


is contiguous to the back Part of the Chriſtal- 
line Humour) with a very black Subſtance, not 
unlike that with which the back Part of the 
Iris and fore Part of the Ligamenta Ciliaria 
were obſerved to be cover d. This is to hin- 
der any Light from being reflected from thoſe 
Parts to the Retina; for that would render 


the Images of Objects indiſtinct, as we ſhall ſee 


when we have explained the Nature of Viſion, 
which is the Subject of the next Chapter. 
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CHAP. VL 


Of the Mature of Viſion. - 


Uch is the Subſtance and Form of the Hu- 
| mours of the Eye, when lodged in their - 

proper Receptacles, that Rays of Light in paſ- 
ſing through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately; and therefore to under- 
ſtand the Nature of Viſion, which depends on 
the Paſſage of Rays flowing from the ſeveral 
Points of a diſtant Object through thoſe Hu- 
mours, little more is required than to know 
how the ſame Rays would be affected, were 
they ſuppoſed to paſs through a convex Lens. 
Which may eaſily be done by applying to this 
Caſe what has been delivered in the fourth 
Chapter concerning the Manner in which Rays 
flowing from a /angle Point, are affected in paſ- 
fing through Lenſes of that Kind. 

We have already ſeen, in the abovemention- 
ed Chapter, that Rays flowing from a ſiugle 
radiant Point, and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 
Point oppoſite, or nearly ſo, to the Radiant. 
Let us now ſuppoſe an Object placed before 
a Lens, but farther from it than the focal Diſ- 
tance of its parallel Rays, and let it ſend forth 

| Rays 


' 
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Rays from each Point of its Surface in eyery 
Direction, as from ſo many radiant Points 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned · 
towards the Lens will neceſſarily fall upon it, 
and paſſing through it will be collected in fo 

many diſtin& focal Points on the oppoſite Side, 
as there are diſtinct radiant Points in the Surface 
of the Object from whence they came. Now 
as the radiant Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lens, - the focal Points will alſo be con- 
tiguous on the other; and as each focal Point 
is oppoſite to its reſpective Radiant, their Places 
will have the ſame Relation to each other, that 
thoſe of the Radiants have, and conſequently 
theſe Points taken together will be a true Re- 
preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of. 

But becauſe each Point in the Repreſentation is 
oppoſite to its reſpective one in the Object, the 
Image will be inverted. The Truth of this 
may caſily be experienced, if we hold a clean 
white Paper facing the Zens in the Place where 
the focal Points are, and take Care to prevent 
all other Light from falling upon the Tape 
except that which paſſes through the Zens®: 


r, 
To 


On this depends the Structure of the Os/eura Camera, which 
is a Contrivance to exhibit the Repreſeatation of ſuch Objects as 
| hy may 
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Jo illuſtrate this; Let PR (ig. 30) repre- 
ſent an Object placed before the Lens AB, and 
ſending forth Rays from each Point in its Sur- 


face; and let be the focal Diſtance of Rays 


proceeding from Q and paſſing through the ſaid 
Lens. Then will all the Rays that proceed 
from the Point Q 'between the Lines QA and 
QB, be collected in 4 in like Manner all that 
flow fram P between the Lines PA and PB, 
will meet in the f Point ; and ſo many 
as proceed from R and paſs through the Zens, 
will be collected ins; and all the Rays that 
flow from the remaining Points between P and 
R and fall upon the Zens, will be collected in 
as many Points between ꝓ and ; and if the 
Rays are received there upon a white Surface, 
there will beexhibited anlmage of the Object PR, 


but inverted; becauſe the Rays PLy and RL 


may be ſeen ftom a Window, upon ſome plain white Surface held 
before the Window within the Room. In order to do this, a 
common Spectacle Glaſs or Burning Glaſs (both which are convex 
Lenſes) muſt be fixed in an Hole in the Windowſhat 5 for then if 


no Light be ſuffered to enter into the Room, but what-paſſes 


through the, Hole, and a Sheet of white Paper be held oppoſite 
to the Hole at that Diſtance where the Rays proceeding from 
the Objects abroad, and paſſing through the Glaſs, are collected 
ihto their reſpective Faci; we ſhall have the Images of all the 


*ObjeRs which lie before the Hole, repreſented upon the Paper, in- 


verted; but in a much more lively and exact Manner than can be 
done by the Peneil; and not only the Objects and their reſpective 
Situations, but, what is peculiar to this Sort of Painting, their 

Motions will alſo be expreſſed. | | 
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croſs each other at L in paſſing through the 
Lens". | bo þ 
Thoſe Rays which flow from the fame Poirit 
of an Object, when conſidered together, are 
called a Cone or Pencil of Rays. Thus the 
Rays QA, QL, Sc. conſtitute a Pencil flow- 
ing from the Point Q; ſo the Rays PA, PL, 
Sc. a Pencil from the Point P; and the mid- 
dle Ray of each Pencil, as PL, QL, Sc. is 
called the Axis of that Pencil, to which it be- 
longs. | 
Nov in like Manner as the ſeveral Pencils of 
Rays flowing from the diſtin& Points in the 
Surface of an Object placed before a Lens, are 
collected in ſo many Points at a certain Diſ- 
tance on the other Side of the Lens, and form 
an Image there when received upon a white 
Paper ; fo Pencils proceeding from an Object 
placed before the Eye at a proper Diſtance from 
it, and being refracted in paſſing through the 
Humours of it, are collected into their reſpec- 
tive Foc; upon the Retina, where they form a 
Repreſentation of that Object; and by their 
Impulſes upon the tender Nerves of the Re- 
tina, an Idea of the Object is excited in the 
Mind. | | Th 


A burning Glaſs is no other than a Piece of Glaſs ground 
into the Form of a convex Lens; for if the Rays of the Sun are 
permitted to paſs through ſuch an one, they will burn very ſtrongly 
in the Place where they are collected into their reſpediive Faci ; 
upon which Account it is, that the Point where Rays in general 
are collected, is called their Focus, that is, their Place of Burning. 


H The 


f 
| 


through the Pupil, it will be inverted®, 
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The Progreſs of the Rays through the Hu- 
mours of the Eye, are expreſſed in the 31ſt 
Figure: where FG is the Eye, FG the Tu- 
nica Cornea, pp the Pupil, AA the aqueous 
Humour, HH the chriſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 


before it, emitting Pencils of Rays — its ſe- 


veral Points R, 8, I, Sc. The Rays which 
conflitute the Pencil GF, in entring the aque- 
ous Humour, paſs out of a rarer into a denſer 
Medium through a convex Surface, in which 


Caſe diverging Rays are made to diverge leſs, 


to become parallel or to converge (Chap. 3. 
Prop. 7. ); in entring the chriſtalline they do the 
like; and in paſſing out of that, they enter a 
rarer through a concave Surface 6 D S. the con- 
cave Surface of the vitreous) which alſo has 


the ſame Effect (Chap. 3. Prop. 15.) By which 


Means they are made to converge, as deſcribed 


in the Figure, and to meet together in a Focus 


at f a Point in the Retma. In like Manner 
the Rays flowing from R, and conſtituting the 
Pencil GRF, will proceed as deſcribed in the 
Figure, and after Refraction meet in -; and 
the Rays proceeding from S will be collected 
in g, Sc. by which Means an Image of the Ob- 
ject will be formed in yt upon the Retina, but 
na the Pencils croſs each other in paſſing 


The 


Of this we have experimental Proof: For if we cut away the 


back Part of an Eye, and apply a 158 _ we ſhall ſee the 
Image 
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The leſs the Diſtance between the Object and 
the Eye is, the more the Rays which come 
from the Object, are ſaid to diverge, and è con- 
tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
but that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
it can receive when placed farther off. The 
following Illuſtration will make this clear: Let 
AB (Fig. 32.) repreſent an Object emitting 
Rays from each Point of its Surface, and let 
Cad, Cr, &c. expreſs thoſe which flow from 
the Point C: let be a Pupil of an Eye placed 
at the Diſtance CM from it; tis plain this Pu- 
pil will receive into it the diverging Rays Ce, 
Cs; whereas the Rays Co, Ct will diverge 
the moſt of any that can enter the ſame Pupil, 
when placed at the Diſtance Cz; but theſe 
_ diverge leſs than the former, the Angle C- 
being included in the Angle C. 


- Images of external Objects placed thereon, as accurately as in the 
Obſcura Camera, provided no Light is permitted to fall upon the 
Paper, except that which paſſes through the Humours of the Eye. 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axes of the Pencils which enter the 
Eye, croſs each other; ſome placing it in the Center of the Eye, 
others in the Vertex of the chriſtalline Humour, others in that of 
the Tunica Cornen : But as the Rays of each Pencil fill the Pupil, 
or as the Pupi! itſelf is a common Baſe to each Pencil, it is incon- 
ceivable how the Axes of thoſe Pencils ſhould croſs each other in 
any other Place than the Center of the Pupil. See Figure 31, or 
any other where ſeveral Pencils are repreſented, as paſſing through 
the Pupil of an Eye. | 


| MT Viſion 
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Viſion is diſtinguiſhed into bright and 0b= 
ſcure; diſtin and confuſed. 

It is ſaid to be bright, hen adufficient N udn 
ber of Rays enter the Pupil at the ſame Time; 
ovicure, hen too few, It is ar/tint?, when 
5 pencil of Rays i is collected into a Fans ex- 
actly upon the Retina; confuſed, when they 
meet before they come at it, or when they would 
| paſs it before they meet; for in either of theſe 

laſt Caſes, theiRays flowing from different 
Points of the Objee, will fall upon the ſame 
Part of the Hetina, which muſt neceſſarily 
render the Image confuſed and indiſtin&. 

Now, that Objects may appear with a due 
Brightneſs, whether more or fewer Rays pro- 
ceed from them, we have a Power of contract- 
ing, or dilating the Pupil by means of the muſ- 
cular Fibres: of the Iris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer Rays as Occaſion requires. But this 
Power has its Limits.“ 

And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear diſtinct, whether they be 
nearer or farther off, that is, whether the Rays 
proceeding from them diverge more or leſs, we 
have a Power of contracting or relaxing the 
+1 gamenta Ciliaria, and thereby altering the 


In ſome Animals, this Power is much greater than in others: 
N ae in ſuch as are obliged to make Uſe of their Eyes by 
| 1ght, as well as 4 Day, as in Cats, Tc 
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Form of the chriſtalline Humour, and with 


that the focal Diſtance of the Rays. Thus, 
when the Object we view is far off, and the 


Rays fall upon the Pupil with a very ſmall De-- 


gree of Divergency, we contract the Ligamen- 
ta Ciliaria, which being concave towards the 
vitreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this means 
it is made to preſs harder upon the back Side 
of the chriſtalline Humour, which is thereby 
rendered flatter; and fo the Rays proceed far- 
ther before they meet in a Focus than other- 
wile they would have done, Add to this, that 
we dilate the Pupils of our Eyes (unleſs in Ca- 
ſes where the Light is ſo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe, which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and there- 
fore diverge too much to be collected into their 
reſpective Foc; upon the Retina, by relaxing 
the Ligamenta Ciliaria we give the Chriſtal- 
line a more conyex Form, by which means the 
Rays are made to ſuffer a proportionably greater 
Degree of Refraction in paſſing through it“. 


* Some Philoſophers are of Opinion, that we do this by a 
Power of altering the Form of the Eye; and others, by remoy- 

ing the Chriſtalline forwards or backwards as Occaſion requires ; 
but neither of theſe Opinions is probable ; for the Coats of the 
Eye are too hard, eſpecially in ſome Animals, for the firſt ; and 
as to moving the Chriſtalline out of its Place, the Cavities of the 
Eye ſeem to be too well filled with the other Humours to admit 


of ſuch Removal. = | 
| 25 And 
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And befides this, by contracting the Pupils of 
our Eyes, we exclude the more diverging Rays, 
and admit only ſuch as are more eaſily refracted 
into their reſpective Fociꝰ. But Viſion is not 
diſtinct at all Diſtances, for our Power of con- 
tracting and relaxing the Ligamenta Ciliaria 
is alſo circumſcribed within certain Limits. 

The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Netiua. 
Becauſe the Pencils flowing from the extreme 
Parts of the Object when near, make a larger 
Angle with each other in the Pupil where they 
croſs, than the fame Pencils do when the Ob- 

ject is placed farther off. Thus AB (Fg. 33.) 
the Tmage of the Object CD, far exceeds EF 
that of the fame Object GH, placed at a greater 
Diſtance from the Eye, as is evident from In- 
Tpection of the Figure. | 

In thoſe Eyes where the Tunica Cones is 
very protuberant and convex, the Rays of 
Light ſuffer a very conſiderable Refraction at 
their Entrance into the aqueous Humour, and 
are therefore collected to a Focus before they 
fall upon the Retina, unleſs the Object be pla- 
ced very near, ſo that the Rays which Cal 
the Eye, may have a conſiderable Degree of 
Divergency. Fe that have ſuch Eyes, are 


* Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtead 
of a Pupil, we ſhall be able to ſee an Obje& diſtinctly through 
ic, though the Object be placed within halt an Inch of the Eye. 


ſaid 
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ſaid to be purblind. Now the nearer an Ob- 
ject is placed to the Eye, the greater is the 
Image of it therein, as explained above; theſe 
People therefore can ſee much ſmaller Objects 
than others, as ſeeing much nearer ones with 
the ſame Diſtinctneſs. And their Sight con- 
tinues good longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grow old, becomes plainer, for Want of 
that Redundancy of Humours with which they 
were filled before. 

On the contrary, old Men having the Cora 
_ nea of their Eyes too flat for want ofia ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, it the Rays diverge too much before 
they enter the Eye, they cannot be brought 
to a Focus before they reach. the Netina; on 
which Account thoſe People cannot ſee diſtin&= 
ly, unleſs the Object be ſituated at a greater 
Diſtance from the bee: than is required for thoſe 
whoſe Eyes are of a due Form, 95] 

Since the Images of the Objects we look at 
are inverted in the Eye, it may be thought the 
Objects themſelves ought to appear ſo; but it 
muſt be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upon the Retina; we find by Ex- 
perience, that when ſuch an Idea is excited in 
our Mind, ſuch an Object ſtands before us in 
ſuch a Poſition and of ſach a Form; when ever 
therefore the like Idea is excited again, we 

| con- 
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conclude there 1s a like Cauſe of it. For it is 


found by Obſervation, that People who have 
been born blind, and have afterwards received 


their Sight, have had no Information from 


their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies; but have been ob- 


liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond 


to ſuch and ſuch Senſations in the Mind“. 


In like Manner it is from Experience that 
an Object appears ſingle, though there be an 
Image of it in each Eye; for after we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is the ſame, we neceſſarily 


conceive it to be but one. The Manner how 


we come to find this, ſeems to be as follows: 


There is one Part of the Retina upon which 


when the Image falls, the Object appears 
brighter and more diſtinct, than when it falls 


upon any other, as is evident becauſe we al- 


ways ſee one Part of an Object with greater 


Diſtinctneſs than any of the reſt. This Point 


I ſhall hereafter call the Point of diſtinft Vi- 


ſion. This naturally leads us to turn our Eyes 


ſo, that the Object may be ſituated directly 


oppoſite to this Point. And this Action of 


ours is that which has given Riſe to thoſe ima- 
ginary Lines, which are ſu ppoſed to paſs di- 


* See Mr. Cheſſelden's Obſervations on a young Gentleman 


eouched by him at the Age of 13 Years. Philoſoph. Tranſact. 


No. 402. _ 
rectly 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 

tic Axes. We therefore turn our Eyes ſo that 
the Object may appear in thoſe Lines. There- 
fore ſince theſe Lines concurat the Object, when 
we indeayour to view it with Diſtinctneſs, each 
Eye affords us an Idea of the Object in the ſame 
Place, from whence it neceſſarily appears but 


one k. 
When 


There are other Methods of accounting for theſe two laſt 
Phenomena, ſome of which, perhaps, the Reader may think more 
plauſible; for the Connection between the Image on the Retina 
and the Idea in the Mind, being purely metaphy/ical, we can ne- 
ver hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint the 
uppermoſt Part of the Image in the Eye to proceed from the lower- 
moſt Part of the Object, becauſe they ſtrike upon the Retina, as 
coming from that Part; and that we conclude from hence that the 
Object is erect, though the Image be inverted ; as if the Direction 
wherewith the Rays ſtrike the Retina, informed the Mind which 
Way they came. This Solution ſerves alſo to explicate the Phæno- 
menon of ſeeing but one Object with both Eyes; for as the Mind 
is informed by the Direction with which the Rays ſtrike the Reti- 
na, of the Place from whence they come; therefore when it ap- 
pears that they enter each Eye as from the ſame Place, the Object 
neceſſarily ſeems to be but one; becauſe we cant ſuppoſe two to 
exiſt in the ſame Place at the ſame Time. 

Some have been ſo abſurd as to embrace an Opinion, the firſt 

Author of which was Gaſſendus, that we ſee one and the ſame 
| Point of an Object only with one Eye at a Time, (ot:ante alio, 


as they expreſs it) while the other doos nothing. Vid. Gaſſendi 


Epiſtol. de Magnitud, Solis. Or Tacguet. Optic. Lib. I. Prop.2. 


Some imagining that the optic Nerves confilt of a Bundle of 


| ſmall ones wrapped up in one common Tegument, are of Opinion, 

that ſuch as lie upon the Retina at equal Diſtances from the Point 
of diſtin& Viſion, and on the ſame Side of it in each Eye, are con- 
netted together in one, before they terminate in the Brain; and 
ſo whether one or both are ated, only one Idea is excited in 


the 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Rays 
that flow from it, which are wont to be af- 
fected when two Objects are placed before the 
Eyes, the Mind receiving no Information from 
without, but by the Impulſes of the Rays up- 
on the Retina judges that there are two Ob- 
jects. Thus let A, B (Fig. 34.) repreſent two 
Eyes whoſe optic Axes are directed to the Point 
C, and let E be an Object on one Side the 
Point C, and F an Object on the other. Now 
Objects thus ſituated muſt appear ſeparate, other- 
wiſe every time we viewed an Object we muſt 
imagine all the different Points in its Surface 
to be but one, which 1s contrary both to Rea- 
ſon and daily Experience. In this Caſe, the 
Point 4 in each Eye will be affected by the 
Rays which flow from thoſe Objects; but fo 
it will, if a fingle Object be placed at D, and 
therefore for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 
ſeparate ones E and F, that is, double. A- 


the Mind. Graweſand confirms this Opinion by aſſerting, that in 
all Animals with look at the ſame Objeft with both Eyes, the 
optic Nerves concur before they enter the Brain ; and that in ſuch 
as look at one Obje& with one Eye, and at a different one with 
the other, they are ſeparate all tbe Way. 

Others, with Briggius (ſee his „ Chap. 11.) do 
not contend, that the forementioned correſponding Farts of the 
optic Nerves are connected before they terminate in the Brain; but 
that they are of an equal Tenſion, and therefore excite the ſame 


peulation 1 in | the Mins. : 
h gain, 
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gain, let there be an Object placed without the 
optic Axes as at G, Rays flowing from this 
will affect the ſame Part in each Eye, as if 
there were two diſtint Objects, vi⁊. on at E 
and the other at H, this therefore will alſo ap- 
pear double. Farther, as the Objects D and 
G are ſituated in this Figure, if both are at- 
tended to at the ſame Time the (optic Axes 
being ſtill directed to the ſame Point C) they 
will appear as three, being ſituated oppoſite 
to the three Points F, E, and H. And what 
has been ſaid of the Appearance of the Objects 
D and G as they are ſituated in this Figure; 
may be applied to their Appearance as they 
are placed in the next, where they are repra- 
ſented as being beyond the Line HF. So that 
wherever an Object is placed, provided it be 
nearer to the Eyes than the Point where the 
tic Axes concur, or farther from them, it 
appcars double. | Ione 
I bere is one Part of the Retina of each Eye, 
upon which when the Image falls, the Object 
cannot be ſeen at all with that Eye; the Proof 
of this we have from the following Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from 
the Wall about three times that Diſtance; then 
ſhutting the left Eye, look at the left Object 
with the right one, and while the right Eye is 
in that Poſition, the right Object will not be 
| I 2 ſeen. 


70 Of the Wature of Viſion. Part III. 


ſeen. So if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 
to be, that the Image of that Object which 
diſappears, falls upon the Blood-veſſels of the 

optic Nerve, from which no Senfation i IS CON= 
veyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
je, and croſs in the Pupil, is called the optic 
. | 

is by means of this Angle that we are able 
to form ſome Judgment of the Magnitude of 
an Object; becauſe the larger this is, the larger 
is the Image upon the Kerma, that is, a great- 
er Portion of it is affected by the Rays which 
flow from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
know al ſo the Diſtance of the Object. 

This, if the Object be very near, we are 
able to form a tolerable Judgment of, by the 
Degree of Divergency, wherein the Rays which 
flow from the ſame Point of the Object enter 
the Eye; becauſe we find it neceſſary to adapt 
the Eye accordingly, in order to bring them 
to a Focus upon the Retina. 

But when the Object is at a greater Diſtance 
from us, a conſiderable Variation in the Diſ- 


tance of it makes but a yery ſmall one in the 
Diyer- 
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Divergency of thoſe Rays, and therefore this 
Rule of Judging ceaſes to be of Uſe. The only 
Expedient then is, the Angle comprehended 
between the tic Axes at the Object to which 
they are directed, or which is the ſame Thing, 
the Poſition of the Eyes with reſpect to each 
other when they view the Object“. But in 
very large Diſtances this Poſition varies ſo lit- 
tle, that it is alſo of no Uſe; in which Caſe 
we make the beſt Judgment we can from the 
Brightneſs, Diſtinctneſs, and apparent Magni- 
tude ofthe Object, and likewiſe from its Situati- 

on with reſpect to others which are interpoſedF. 
WMhen we are unable to judge rightly con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
us, and vice versa; becauſe it requires a lar- 
ger Object to exhibit the lame Image upon the 
Retina, when it is fituated at a great Diſ- 
tance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horigon, than when they are near 
the Meridian, and accordingly think them 


* That the Poſition of the optic Axes is a Means whereby we 
judge of Diſtances, is evident from hence, vix. that they who have 
loft the Sight of one Eye, find it much more difficult to eſtimate 
the Diſtances of Objects, than they did, when they had the Uſe. 
of both. | 

+ We have a remarkable Inſtance of the Error of our Judgment 
concerning the Diſtances of very remote Bodies, in that we look 
upon the Sun, Moon, and Stars to be all at the ſame Diſtance, 
whereas ſome of them are a thouſand Times farther from us than 
others. | 

Pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
ſame Image upon the Retina in both Caſes“. 

We are never able to ſee very diſtant Object 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiving into it a ſufficient Num- 
ber of Rays for that Purpoſe, or becaufe they 
are not collected into Foci upon the Retina, 
but becauſe the Object being very far off, the 
Rays which flow f rom Points of the Object 
that are contiguous, fall too near each other 
upon the Retina to excite diſtinct Senſations in 
the Mind, ſo that the Idea of the Whole is 


— 
CHAP. VII. 


; Of the Appearanceof Objects [een through 
Media of different Forms. 


of this Chapter may more readily be un- 
rſtood, we ſhall premiſe the five following 
Particulars; which are, all compriſed in the 
foregoing Chapter, or follow immediately from 

what has been there laid down, vi g. 
1. That as each Point of an Object when 


viewed by the naked Eye, appears in its pro- 


1 Hat what we ſhall ſay upon the Subject 
de 


* See the Diſſertation on the horizontal Moon, annexed to 


this Part. 
per 


\ 
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r Place; and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it, enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be ſituated in that Line; and becauſe the 
Mind is unacquainted with what Refractions 


the Rays ſuffer before they enter the Eye, there- 


fore, in Cafes where they are diverted from 
their natural Courſe by paſſing throughany Me- 
diuhn, it judges the Point to be in that Line 
produced back in which the Axis of a Pencil 
of Rays flowing from it is ſituated the Inftant 
they enter the Eye, and not in that it was in 
before Refraction We ſhall therefore in what 
follows, ſuppoſe the apparent Place of an Ob- 
ject when ſeen through a refracting Medium to 
be ſome where in that Line produced back in 
which the Axis of a Pencil of Rays flowing 
from it proceed after they have paſſed through 

the Medium. „ 

2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 


ing from the ſame Point of the Object enter the 


Pupil of the Eye, in Caſes where that Diver- 


gency is conſiderable; but becauſe in what fol- 


lows, it will be neceſſary to ſuppoſe an Object, 
when ſeen through a Medium whereby its ap- 
parent Diſtance is altered, to appear in ſome 
determinate Situation; in thoſe Caſes where 


the Diyergency of the Rays at their Entrance 


into 
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74 Of the Appearance Part III. 
into the Eye is conſiderable, we will ſuppoſe 

the Object to appear where thoſe Lines which 
they deſcribe in entring, if produced back, would 
croſs each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni- 


15 tude of the Object, on which its apparent Diſ- 


tance in ſome Meaſure depends, will alſo fuffer 
an Alteration by-the Refraction of the Rays in 
paſſing through that Medium. 
3. That we eſtimate the Magnitude of an 
Object by that of the optic ile 
4 That Viſion is the-4r:ghter, the greater 
the Number of Rays is which enter the Pupil. 
1 N | 
5. That in ſome Caſes, the apparent Brig hi- 
meſs, Diſtinctueſs, and Magnitude of an Ob- 
ject are the only Means whereby our Judgment 
is determined in eſtimating the Diſtance of it. 
Prop. I. An Object placed within a Medium 
terminated by a plain Surface on that Side which 
is next the Eye, if the Medium be denſer than 
that in which the Eye is (as we ſhall always 
ſuppoſe it to be, unleſs where the contrary is 
expreſſed) appears nearer to the Surface of the 
Madium than it is. | 8 
Thus if A be a Point of an Object placed 
within the Medium BC DE (Fig. 36), and Ab, 
Ac be two Rays proceeding from thence ; theſe. 
Rays paſſing out of a denſer into a rarer Me- 
dium will be refracted from their reſpective 
n Per- 
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Chap. 7. of Objects, Ge. 7h 
Perpendiculars bd, ce; and will enter the Eye 
at H, ſuppoſe in the Directions /, cg, let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 
diverge. more than the incident ones Ab, Ac 
(Chap, HI. Prop. 3.), it will be nearer to the 
*oints þ and e, than the Point A; and as the 
ſame is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 
the Surface BC than it is“. 2 
Prop. II. 


- 


From hence it is, that when one End of a ftrait Stick is put 
under Water, and the Stick is held in an oblique Poſition, it ap- 
pears bent at the Surface of the Water; viz. becauſe each Point 
that is under Water appears nearer the Surface, and conſequently 
higher than it is. 1 | 

From hence likewiſe it is; that an Object at the Bottom of a 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpect to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; Let ABCD (Fig. 37.) 
repreſent a Veſſel, and let E be an Object lying at the Bottom fin 
This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obltruct 
the Ray EH ; but when it is filled with Water to the Height GH, 
the Ray EK being refracted at the Surface of the Water into the 
Line KF, the Eye at F ſhall ſee the Object by Means of that. 

In like Manner, an Object ſituated in the Horizon appears above 
its true Place, upon Account of the Refraction of the Rays which 
proceed from it in their Paſſage through the Atmoſphere of the 
Earth. For firſt, if the Object be ſituated beyond the Limits of 
the Atmoſphere, its Rays in entring it will be refracted towards 
the Perpendicular, that is, towards a Line drawn from the Point 
where they enter, to the Center of the Earth which is the Center 
of the Atmoſphere, and as they paſs on they will be continually 
refracted the ſame Way, becauſe they are all along entring a den- 
fer Part, the Center of whoſe Convexity is till the ſame Point? 
upon which Account the Line they deſcribe will be a Curve bend- 


K : ing 


Trees, &c. ſeem to be higher than they are. | 


m6 Of the Appearance Part III. 


Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 
pears wearer, brighter, and larger, than with 
the naked Eye. 

For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 
of an Eye, which is here drawn large to pre- 
vent Confuſion in the Figure. And iſt let RK, 
RL be two Rays proceeding from the Point R, 
and entring the denſer Medium at K and L; 
theſe Rays will here by Refraftion be made to 


diyerge leſs (Chap. III. Prop. 2.) and to pro- 


ing downwards ; and therefore none of the Rays that come from 
that Object can enter an Eye upon the Surface of the Earth, ex- 
cept what enter the Aumaſpbere higher than they need to do, if 
they could come in a right Line from the Object; conſequently 
the Object muſt appear above its proper Place. Secondly, if the 


Obje& be placed within the Atmoſphere, the Caſe is ſtill the ſame; 


for the Rays which flow from it muſt continually enter a denſer 


Medium whoſe Center is below the Eye, and therefore being re- 


fracted towards the Center, that is, downwards as before, thoſe 


which enter the Eye muſt neceſſarily proceed as from ſome Point 


above the Object, wherefore the Object will appear above its pro- 


per Place. | 


From hence it is, that the Sun, Moon, and Stars appear above 
the Horizon, when they are juſt below it, and higher than they 
ought to do, when they are above it: Likewiſe diſtant Hills, 


Farther, the lower theſe Objects are in the Horizon, the greater 


is the Obliquity with which the Rays which flow from them, enter 


the /tmoſphere, or paſs from the rarer into the denſer Parts of it, 


and therefore they appear to be the more elevated by RefraCtion 


* 


upon which Account the lower Part of them are apparently more 
elevated than the other. This makes them ſeem ſhorter than they 


ure; as is evident in the Sun and Moon, which appear of an oval 


Form when they are in the Horizen, their horizontal Diameters ap- 

pearing of the ſame Length they would do if the Rays ſuffer'd no 

raction, while their vertical ones are ſhortened thereby. | 
Cœe 
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ceed afterwards ſuppoſe in the Lines Ka L&; 
at a and & where they paſs out of the denſer 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, Ga, 
parallel to their firſt Directions (ſee Chap. 
IV.); produce theſe Lines back till they 
meet in e, this will be the apparent Place of 
the Point R, and *tis evident from the Figure 
that it muſt be nearer the Eye than that Point; 
and becauſe the ſame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d. As the Rays RK, 
R would not have entered the Eye, but have 
paſſed by it in the Directions Kr, Le, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. 3d. The 
Rays Ah, Bi, will be refracted at h and i in- 
to the leſs converging Lines hk, il, and at the 
other Surface into EM, IM parallel to Ah 
and Bi produced (ſee Chap. 4.), ſo that the 
Extremities of the Object will appear in the 
Lines M4, MJ produced, vir. in F and g, and 
under as large an Angle f Mg, as the Angle A 

JB under which an Eye at 4 would have ſeen 
it, had there been no Medium interpoſed to 
refract the Rays; and therefore it appears /arg- 
er to the Eye at GH, being ſeen through the 
interpoſed Medium, than otherwiſe it would 
have done. But it is here to be obſerved, that 
the nearer the Point e appears to the Eye on 
1 Ac- 
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Account of the Refraction of the Rays RK, 
RL, the ſhorter is the Image fe, becauſe it is 
terminated: by the Lines Mf and Mg, upon 
which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much augmented by being ſeen 
through a Medium of this Form. 

Farther it is apparent from the Figure, that 
the Effect of a Medium of this Form depends 
wholly upon its Thickneſs; ſor the Diſtance 
between the Lines Ry and ec, and conſequent- 
ly the Diſtance between the Points e and R de- 


pends upon the Length of the Line Ka. Again, 


the Diſtance between the Lines AM and fM, 
depends on the Length of the Line ; but both 
Ka and Y depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 
of this Medium depends upon its Thickneſs. 

Prop. III. An Object ſeen through a convex 


Lens, appears larger, brighter, and more diſ- 


zant, than with the naked Eye. 

Io illuſtrate this, let AB (Fig. 39.) be the 
Object, CD the Lens, and EF the Eye. 1. 
From A and B the Extremities of the Object 


draw the right Lines AV, BXy croſſing each 


other in the Pupil of the Eye; the Angle ArB 
comprehended between theſe Lines, is the 


with the naked Eye. But by the Interpoſi- 


Angle under which > Ba would be ſeen 


tion of a Lens of this Form, whoſe Property it 
is to render converging Rays more ſo (ſee 
Chap. IV.) the Rays AY and BX will be made 

& ow 1 e M8 Wes Re n to 


Chap. 7. of Objects, Sc. 79 
to croſs each other before they reach the Pupil, 
Therefore the Eye at E, will not perceive the 
Extremities of the Obje by means of theſe 
Rays (for they will paſs it without entring), 
but by ſome others which muſt fall without the 
Points Y and X, or between them; but if they 
fall between them, they will be made to con- 
cur ſooner than they themſelves would have 
done, and therefore if the Extremities of the. 
Object could not be ſeen by them, it will much 
leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 
upon the Lens without the Points Y and X; 
let then the Rays AO and BP be ſuch. T heſe 
after Refraction entring the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
Ir wle produced, and under the optzc Angle 
which is larger than Ar B, and * 
8 apparent 2 of the Object will be 
increaſed. 2. Let GHI be a Pencil of Rays 
flowing from the Point G ; as it is the Property 
of this Lens to render diverging Rays leſs di- 
verging, parallel or converging (ice Chap. 
IV.), it is evident, that ſome of thoſe Rays. 
which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Leus, will now enter it; 
by which means the Object will appear bright= 
er. 3. As to the apparent Diſtance of the Ob- 


ject, that will yary according to the Situation 
| of 
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of it with reſpect to the Focus of parallel Rays 
of the Lens. 1. Then, let us ſuppoſe the Ob- 
Jett placed ſo much nearer the The, than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging 
by paſſing through it, may yet have a confide- 
rable Degree of Divergency, 10 that we may 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
_ ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, Gl, will be beyond G, that is, 
at a greater Diſtance from the Zens than the 
Object is. But becauſe both the Brightneſs and 
Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point where thoſe 
Lines meet, but fomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become parallel 
( ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Diſ- 
tance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightneſs and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3 
If the Object be ſituated beyond the Focus of 
parallel Rays, as in AB (Fig. 40), the Rays 
flowing from thence and falling upon the _ 
CD, 
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CD, will be collected into their reſpective Foci 
at 4 and &, and the intermediate Points , #, 
Oc. and will there form an Image of the Ob- 
jet AB; and after croſſing each other in the 
ſeveral Points of it, as expreſſed in the Figure, 
will paſs on diverging as from a real Object. 
Now if an Eye be ſituated at c, where Ac, 
Bc, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 
AcB, than they would do if there were no Lens 
interpoſed ; and the Rays belonging to the 
{ame Pencil do not converge ſo much as thoſe 
the Eye would receive, if it were placed nearer 
to a or b, the Object upon theſe Accounts 
appearing very little larger or brighter than 
with the naked Eye, is ſeen nearly in its pro- 
per Place; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 
brighter and larger, ſeems to approach the 
Lens*: which is an evident Proof of what has 


* That the Object ſhould ſeem to approach the Lens in this Caſe, - 
was a Difficulty that exceedingly puzzled the learned Barrow, and 
which he pronounces inſuperable, and not to be accounted for by 
any Theory we have of Viſion. Malineuæ alſo leaves it to the So- 

lution of others, as that which will be inexplicable, till a more in 
timate Knowledge of the viſive Faculty, as he expreſſes it, be ob- 
tained by Mortals. | ; 

They imagined, that ſeeing an Object appears farther of, the 
leſi the Rays diverge which fall upon the Eye; if they ſhould pro- 
ceed parallel to each other, it ought ta appear exceedingly remote, 
and if they ſhould converge, it ſhould then appear more diſtant 

ill: The Reaſon of this was, becauſe they looked upon the appa- 
rent Place of an Object, as owing only to the Direction of the Rays 
whatever it was, and not at all to its apparent Magnitude or 
Splendour. | e | 


. . been 


* 
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been ſo often aſſerted, vis. that we judge of 
the Diftance of an Object in ſome Meaſure by 
its Brightneſs and Magnitude®; for the Rays 
converge the more the farther the Eye recedes 
from the Leus; and therefore if we judged of 
the Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Caſe to conceive it at a greater Diſtance, than 
when the Rays were parallel, or diverged at 
their Entrance into the Eye. | 

Prop. IV. If an Object be placed farther 
from a convex Lens, than its Focus of parallel 
Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears invert- 
ed, and pendulous in the Air, between the 
Eye and the Lens. 

To explain this, let AB (Fig. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil AC be collected in a, and 
thoſe of BCD in &, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: Tis apparent from the Figure, 
that ſome of the refracted Rays which paſs 
through each Point of the Image, will enter 


* Perhaps it may proceed from our judging of the Diſtance of 
an Object in ſome Meaſure by its Magnitude, that that Deception 
of Sight commonly obſerved by Travellers may ariſe ; viz. that 
upon the firſt appearing of a Building larger than uſual, as a Ca- 
thedral Church, or the like, it generally ſeems nearer to them, 
than they afterwards find it to be. | Pa. | 
| the 


/ 
f 
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the Eye as from a real Object in that Place, 
and therefore the Object AB will appear there, 
as the Propoſition aſſerts, But we are ſo little 
accuſtomed to ſee Objects in this Manner, that 
it is very difficult to perceive the Image with 
one Eye; but if both Eyes are ſituated in ſuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at & and H, 
and we direct our optic Axes to the Image, tis 
eaſy to be perceived. | „ 
If the Eye be ſituated in a or b, or very near 
them on either Side, the Object appears exceed- 
ingly confuſed, vis. if at 4, the Rays which 
proceed from the ſame Point of the Object con- 
verge ſo very much, and if at e, they diverge 
ſo much, that they cannot be collected together 
upon the Retina; but fall upon it as if they 
were the Axes of ſo many diſtinct Pencils com- 
ing through every Point of the Zens; where- 
fore little more than one ſingle Point of the Ob- 
ject is ſeeti at a Time, and that appears all over 
the Lens; from whence nothing but Confuſion 
If the Lens be ſo large that both Eyes may 
be applied to it, as in Y and &, the Object will 
appear double; for tis evident from the Figure, 
that the Rays which enter the Eye at þ from 
either Extremity of the Object A or B, do not 
proceed as from the fame Point with that from 
whence thoſe which enter the other at 4 ſeem 
to flow; the Mind therefore is here _— 
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84 Of the Appearance Part III. 
and looks upon the Object as ſituated in two 
different Places, and therefore judges it to be 
double. | 
Prop. V. An Object ſeen through a concave 
Lens appears nearer, ſmaller, and leſs bright, 
than with the naked Eye. 185 | 
Thus, let AB (Fig. 41.) be the Object, CD 
the Pupil of an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Form, 


to render diverging Rays more ſo, and converg- 


ing ones leſs ſo, the diverging Rays GH, GT, 
proceeding from the Point G, will be made to 

diverge more, and ſo to enter the Eye as from 
ſome nearer Point g; and the Rays AH, BI, 
which converge, will be made to conyerge leſs, 
and to enter the Eye as from the Points 2 and 
b; wherefore the Object will appear in the Si- 
tuation agb, leſs and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 
them will be made to paſs by the Pupil of the 
Eye which otherwiſe would have entered it, 
and therefore each Point of the Object will ap- 


pear /eſs bright®. 
Prop. VI. 


From what has been obſerved about the Properties of convex 
and concave Lenſes, we may fee the Reaſon why the former Sort 


are made Uſe of by old People to help their Sight; and the latter by 


thoſe who are purblind. Old People, as was obſerved before, hav- 
ing the Tunica Corneæ of their Eyes too flat, require that the Ob- 
Jett be placed at a greater Diſtance from them, than other People 
whoſe Eyes are of a juſt Form, that the Rays which enter the Pu- 
pils of their Eyes from the ſame Point of the Object, may not di- 
. verge 
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Prop. VI. An Object ſeen through a polygo- 
nous Glaſs, that is, ſuch as is terminated by 
ſeveral plain Surfaces, is multiplicd thereby. 
For Inftance, let A (Fig. 42.) be an Ob- 
ject, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, &c. and let the 
Situation of the Eye F be ſuch, that the Rays 
AB being refracted in paſſing through the Glaſs, 
may enter it in the Direction BF, and the Rays 
AC in the Direction CF. Then will the Eye 
by means of the former, ſee the Object in G, 


and by the latter in H; and by means of the 
Rays AI, the Object will appear alſo in its 


proper Situation A. 


Thus much for the Principles of Dioptrics, 


and the Solution of ſome obvious Phenomena 
which tend to confirm the ſame: Thoſe which 


yet remain to be accounted for, ſhall, accord- 


ing to the Method we have hitherto obſerved, 
be treated of in the Diſſertations of this Part. 


verge too much. Now a convex Lens makes thoſe Rays diverge 
leſs, as they would naturally do if the Object was placed farther 
off. Again, thoſe who are purblind, having the Tunica Cornea 
too protuberant, require ſuch a Lens as may render thoſe Rays 
more diverging, leſt they ſhould be collected into their reſpective 


Foci before they fall upon the Retina; and therefore Lenſes of the | 


concave Sort are of Uſe to them, 
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Of the Horizontal Moon. 


8 H E Phenomenon of the horizontal 
Fe Moon is this: When the Moon is 
juſt above the Surface of the Earth, 
either immediately after ſhe is riſen, or juſt 


before ſhe ſets, ſhe appears four or five Times 


* in Diameter, than when ſhe is in 
r Meridian Altitude: And yet her appa- 
rent Diameter, if taken by an Inſtrument, is 


. 


The Moon's apparent Diameter being found 
to ſubtend the ſame Angle, whether ſhe be in 


the Horizon or Meridian, it is evident the. 
Image of her projected upon the Retina of an 


Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a dif- 


ferent Magnitude in one Situation from what 


„What is ſaid here of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her horizontal Diameter, and 


not of her vertical one, for the Length of this is diminiſhed by 
Refraction (as explained Chap. VII. Note the firſt), and therefore 
if it be taken by an Inſtrument, it will not be found to ſubtend 


the ſame Angle in the Horizon as in the Meridian: But not- 


withitanding this, it appears longer to the naked Eye when in 
tne former, than in the latter Situation, as well as the horizon- 


* % 


tal Diameter. 


ſhe 


d the ſame Angle in either Si- 
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ſhe does in the other, has always been Matter 
of great Speculation among the Connoifſeurs 
both in Optics and Aſtronomy. Des Cartes 
was of Opinion, that we think the Moon larg- 
er when ſhe is in the Horizon, than when ſhe 
is in the Meridian, becauſe in the former Caſe 
by comparing her Diſtance with that of inter- 
poſed Objects, we imagine it greater than when 
ſhe is elevated: And that as we judge her 
Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the ſame Angle in either Caſe. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter. 3 | 1 
Gaſſendus was of Opinion, that becauſe the 
Moon appears leſs bright when in the Horizon 
than in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we dc 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foc; upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which croſſing each other in the Cen- 
* W ter 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 


61. in the Note) paſs on to the ſame Points 
f the Retina, whether the Pupil be broad or 
narrow. 

Molineux in the Philoſophical Tranſactions 
No. 187. tells us of a certain French Abbe, 
that revived the forementioned Suppoſition of 
GaſJendus, and adding two others of his own, 


endeavour'd to account for this Phenomenon. 


His Suppoſitions were theſe, vis. © That this 
* . contracting and enlarging the Pupil ( ſup- 
* poſed by Gafſendus ) cauſeth a different 
„Shape in the Eye; an open Pupil making 
the Chriſtalline fatter, and the Eye longer, 
and the narrower Pupil ſhortning the Eye, 
« and making the Chriſtalline Humour more 
«< convex. The firſt attends our looking at 
Objects that are remote, or which we think 
** fo, the latter accompanies the viewing Ob- 
Þ « ject nigh at-Hand. Likewiſe an open Pu- 
* pil and flat Chriſtalline attends Objects of 
«a more ſedate Light, whilſt Objects of more 


„ forcible Rays require a greater Convexity, 


© and narrower Pupil. From theſe Poſitions, 
continues Molineux, the Abbe endeavoured 


„to give an Account of our Phenomenon, as 


follows. When the Moon is nigh the Ho- 
< rizon, by Compariſon with interpoſed Ob- 
« jets, we are apt to imagine her much far- 
ther from us than when more elevated, and 


* * therefore we order our Eyes as for 3 
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« an Objem farther from us; that is, we ſome- 
c thing enlarge the Pupil, and thereby make 
« the Chriftalline flatter; moreover the Duſ- 
Kiſhneſs of the Moon in that Poſture does not 
« ſo much ſtrain the Sight; and conſequently 
« the Pupil will be more large, and the Chriſ- 
te talline more flat; hence a larger Image ſhall 
be projected on the Fund of the Eye, and 
« therefore the Moon ſhall appear larger. 
« Theſe two forementioned Accidents, vi. 
the Moon's imaginary Diſtance and Duſ- 
« kiſhneſs gradually vaniſhing as ſhe riſes, a a 
« different Species is hereby introduced in the 
Eye, and conſequently ſhe ſeems gradually 
« lefs and leſs, till again ſhe approaches nigh 
« the Horizon. | = 
As to what is taken for granted in this So- 
lution concerning a Change in the Chriſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a dus or faint Light, that ſeems 
to be very ill grounded. We know of no ſuch 
Connection between the Muſcles of the Iris 
fand thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as eaſily 
to admit of an Alteration in their Form #. 
Could the Author have made good his other 
Suppoſition, viz. That by Compariſon with 


|  ® See what has been obſerved concerning the Power we have 
of making an Alteration in the Eye, in order to ſee 4iſtinctiy. 
(Chap. VI. pag. 62) | 
| | 11 
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interpoſed Objects we are apt to imagine her 
much farther from us, than when more ele- 
| vated, he need not have had Recourſe to any 
other; this alone would have been ſufficient; 
but hic Labor eff; This alone, I ſay, would 
have been ſufficient; for if by comparing her 
Diftance with that of interpoſed Objects, we 
Imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſhe ſub- 
tends an equal Angle in both Caſes, we muſt 
in Conſequence thereof (agreeably to Des 
Cartes's Notion above-mentioned) imagine 
her to be bigger in the formef Situation than 
in the latter; becauſe a diſtant Object cannot 
ſubtend the ſame Angle at the Eye that one 
which is nearer does, unleſs it be proportionas 
bly larger *. 5 n 

The famous Hobbs endeavour'd at a Solu- 
tion of this Phenomenon, but it is hardly 
worth mentioning ; The Figure he has drawri 
to explain his Solution by, ſeems to have 
been the Occaſion of his Errour. He draws a 
Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this; 
a leſſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; ſo that a 
Spectator upon the Surface of this Earth, is 
conſiderably nearer to the upper Part of the 


* See Chap. VI. pag. 71 


othet 


; | | / 
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other Circle than to the Sides of it: Where- 
ſore an Object that ſubtends the ſame Angle at 
different Heights, muſt neceſſarily hide a great- 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian; becauſe 

that Ark is farther behind the Object in the 

former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned 
them to repreſent, he would eaſily have ſeen 
his Miſtake. 

A few Years ago Mr. De Veil publiſhed a 
Treatiſe upon the Subject of the horizontal 
| Moon, which he dedicates to the Ladies of 

| Northampton. It T remember right, his Solu- 
tion of it was in the following Manner. 1. 
When an Object is placed bey ond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (Ltuated on the other Side the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſing thro the Armeſ- 
phere of the Farth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore 
the Moon ought to appear larger when in the 


former than in the latter Situation. 
M -; The 
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The ſecond Propoſition in this Solution is 
true, but not applicable in the preſent Caſe; 
for unleſs we conſider the Refraction that Rays 
of Light which flow from the Moon, and paſs 
through the Atmoſphere of the Earth, ſuffer 
in their Emerfion, that is, while they paſs thro' 
the latter half of it, as well as that which they 
ſuffer in their Immerſion, or while they paſs 
through the former half, we ſhall find that 
they will not be collected into their reſpective 
Foci on the other Side the Earth, as this Gen- 
tleman imagines: Which if it can be ſhewn, 
his Solution falls to the Ground of Courſe; 
for the Retraction which the Rays ſuffer in 
their Emerſion is not to be taken into Conſide- 
ration, becauſe they reach the Eye of a Spec- 
rator upon the Earth as ſoon as they have paſ- 
ted through the firſt half of the rens 
when the Moon is in his Horizon; and before 
they have paſſed through that half, when ſne 
is in Eis Meridian. 

Let us then imagine two Rays flowing from 
one and the ſame Point of the Surface of the 
Moon, it being neceſſary ia order to conſtitute 
a Focus that ſuch Rays ſhould after Refraction 
meet in a Point; the meeting of ſuch as flow 
from different Points! in the fame Surface is not 
ſufficient; if it were, we might then have Focz 
where we pleated, and that as well without 
relracting or reflecting Surtaces as with them. 
And let the firſt of thoſe Rays fall perpendicu- 
Al upon the 3 of the Earth, and 
| be 
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be ſuppoſed to paſs through the Center of it» 
and let the other after Refraction paſs by the 
Surface of the Earth. Now the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe _ 
Rays muſt, before their Incidence upon the 
Farth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir [aac Newton's Table of Refractions pub- 
liſhed by Dr. Haley in the Philoſophical Tranſ- 
actions, No. 368, that when any of the Heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty three Minutes and forty five Seconds; 
and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 
Earth, will be refracted only by ſuch an An- 
gle. Which falling conſiderably ſhort of one 
Degree, the Angle by which it diverged ſrom 
the perpendicular one before Refraction; it will 
be ſo far from being made to converge towards 
it thereby, that it will ſtill be in a State of 
Divergency from it. And therefore Rays flow- 
ing from the Moon and refracted only in their 
Immerſion into the Atmoſphere of the Earth, 
will not be collected into their reſpective Fecz 
on the other Side: Which was to be ſhewn. 
Dr. //allis in the Philoſophical Tranſactions 
No. 187, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Des 
Cartes had given before) which is as follows, 
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He aſcribes this Phænomenon to the Deception 
of the Imagination, and accounts for that De- 
ception in the following Manner. He obſerves 
firſt, that the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſeen under the ſame or equal Angles, and if 
upon any Account whatever we apprehend one 
of theſe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater. 
Secondly, That one great Ad vantage for eſti- 
mating the apparent Diſtance of any Thing, 
is from the Variety of intermediate Objects be- 
tween the Eye and the Thing ſeen; for then 
the Imagination muſt allow Room for all thoſe 
Things. 

«© Now ſays he, when the Sun * or Moon is 
near the Horizon, the Proſpe& we have of 
Hills and Vallies, Plains and Woods, Sc. 
<« repreſent to our Imagination a great Diſ- 
<« tance capable of receiving all theſe. Or if 
it happens that theſe interpoſed Objects are 
„ not actually ſeen; yet having been accuſ- 
tomed to ſee them, the Memory ſuggeſts to 
Aus a View as large as is the viſible Horizon. 

« But when the Sun or Moon is in an high- 
cer Poſiti.n, we ſee Nothing between us and 


© them (unleſs perhaps ſome Clouds) and 


For the Sun appears larger in the Horizon, as well as the 
Moon. | 


e there- 


$ 


« therefore Nothing that can preſent to our 
Imagination ſo great a Diſtance as the other 
« is. And therefore though both be ſeen un- 
« der the ſame Angle, they do not appear (to 
« the Imagination) of the ſame Bigneſs, be- 
«© cauſe not fanſied at the ſame Diſtance : But 
« that near the Horizon is judged bigger (be- 
« cauſe ſuppoſed farther off) than the ſame, 
« when at a greater Altitude. 

This is the Solution which has hitherto ge- 
nerally been received; but I am told that a 
more probable one will ſhortly be given by 
Dr. Smith, Plumian Profeſſor in the Univerſity 
at Cambridge, in a Treatiſe of Optics he is 
now preparing for the Preſs. 

If I might be allowed to mention any 'Thing 
of my own, after theſe great Genms's have 
given their Opinions upon this Matter, it ſhould 
be this, viz. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon, than in the Meridian (for that is all 
that is requiſite towards a Solution of the Ho- 
rizontal Moon, as has been already obſerved) 
ſhould firſt ſhow, why that apparent azure 
Surface we call the Sky, does not ſeem to be 
an entire concave Hemiſphere, but only a Por- 
tion of ſuch an one. For our judging the Hea- 
vens to be no more than ſuch a Portion, is un- 
doubtedly the Cauſe why we judge both the 
Sun, Moon, and Stars to be farther from us 

when in the Horizon, than in the Meridian; 


becauſe 
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| becanſe we have Nothing elſe we Can 80 
| y_ Places to, but tlia. N 
Now polſibly the Cauſe why we chink4) the 
Heaven of that Form, may After all be on 
this, VIS. that, as the Rays-which come from 
the upper Parts of that imaginary Surface the 
Sky, paſs through a leſs Portish-of the Aumoſ- 
phere, than fach as come from the horizontal 
Parts of it, the Sky+appears to us more d. 
_ tity and generally more bright in thoſe 
Parts, than in the latter; and thereſore, ſince 
we daily obſerve that thoſe Objects which ap- 
pear moſt diſtinct, are, generally ſuch as are 
neureſt to us; and alſo as bright Objects, 
when we have Nothing but bare Imagination 
to determine us in eſtimating the Diſtance of 
them, appear mearer to us than the ſame 
Objects when leſs ſo *, we think the upper 
Parts of the ky nearer us than the lower. 
Wherefore, ſince we refer all the heavenly Bo- 
dies to this Surface, we neceſſarily maine 
them farther from us, and conſequently larger, 
and alſo more diſtant from each other T, when 
near the Horizon, than when they are arrived 
at their een Altitude. 


* See what has been ſaid concerning the Brightneſs of an Ob- 
ject being a Means whereby it appears nearer us, under Prop. 3, 
of the 7th Chapter. 

+ The opparent ho zontal Diſtance of two Stars from one 
another, 15 obſerved to be greater when they are in the Horizon, 
| than 1 in the Meridian, | 


